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Abstract 
 
Sediment storage by instream wood in forested mountain streams mediates sediment 
movement from hillslopes through the channel network and can alter channel morphology 
at multiple spatial scales. Mixed bedrock-alluvial channels are prevalent in mountain 
stream networks, yet the distribution and geomorphic impact of large wood within these 
streams are poorly understood. To estimate how the distribution of large wood in a mixed 
bedrock-alluvial stream relates to sediment storage, we measured and characterized large 
wood, and surveyed the volume of associated sediment within a stream in the Bitterroot 
Mountains, Montana. The upstream portion of the study reach is predominantly alluvial 
and the downstream portion has significant bedrock exposure along the channel bed and 
banks. Wood volume and sediment storage in the mixed bedrock-alluvial subreach are 50% 
and 15%, respectively, of those measured in the alluvial subreach. Most wood is organized 
into jams, and two channel-spanning jams within the upstream subreach account for 52% 
and 76% of the reach-averaged wood and sediment volume, respectively. The volume of 
sediment stored by wood in the full reach is the same order of magnitude as the estimated 
annual bedload export. Even as wood may significantly alter local hydraulics and transport 
dynamics, the geomorphic impact and influence of wood on sediment storage may vary 
substantially by channel type. As previous studies have indicated, the formation and 
persistence of channel-spanning jams, which store a disproportionate amount of wood and 
sediment in channel networks, may drive observed differences in wood, sediment storage, 
and channel morphology. 
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Introduction 
 
Sediment connectivity, or the set of processes by which sediment is transported 
from its source to the outlet of a basin, varies through space and time. Sediment 
connectivity is one element of river connectivity, or the ability of matter and organisms to 
move among spatially distinct units in river networks (Wohl, 2017). Sediment connectivity 
includes lateral, vertical, and longitudinal linkages, the relative strength of which depends 
on the spatial and temporal scales at which they are considered (Fryirs, 2013). Modeling 
approaches and metrics for quantifying sediment connectivity have been proposed for 
headwater (Cavalli et al., 2013) to larger (Cavalli et al., 2013; Czuba and Foufoula-Georgiou, 
2015; Schmitt et al., 2016) basins. Across these scales, a central challenge in quantifying 
sediment connectivity is measurement of changes in sediment storage and of the sediment 
delivery ratio (SDR), both of which relate downstream sediment output to input from 
erosion (Walling, 1983). The SDR declines with increasing basin size (Walling, 1983) and is 
thought to approach one in the long-term, although disequilibrium between production 
and transport of sediment (i.e., SDR ≠ 1) can persist within basins over time scales up to 
hundreds of thousands of years (Hoffmann, 2015). 
The size and residence time of sediment deposits affect downstream sediment flux 
and mediate sediment connectivity in channel networks. Wood obstructions are common 
sites of sediment storage in mountain streams; sediment may also be stored in bars, behind 
boulders, and on floodplains (Megahan, 1982; May and Gresswell, 2003; Fisher et al., 
2010). The influence of wood on pool formation and other aspects of stream morphology 
and aquatic habitat is widely recognized (Bisson et al., 1987; Montgomery et al., 1995; 
Gurnell et al., 2002). Wood and sediment in riverine corridors are also important as a 
carbon sink (Wohl, et al., 2012; Wohl, et al., 2017), and channel-spanning wood jams are 
key sites for carbon storage and processing within associated channel and floodplain 
sediment (Beckman and Wohl, 2014). Despite advances in understanding of the influence 
of instream wood on river connectivity in general, and sediment connectivity in particular 
(Wohl and Scott, 2016), predictive and mechanistic insights into wood’s effect on sediment 
routing through time and across different types of mountain streams are lacking.  
This study considers the role of large wood on sediment routing in a mixed bedrock-
alluvial stream. Field surveys indicate divergent patterns in wood volume and sediment 
storage with channel type. Modeling of hydraulics, bedload transport, and interactions 
between wood and sediment indicate that even as the geomorphic influence of wood may 
be less pronounced in mixed bedrock-alluvial and other coarse-bedded channels than in 
alluvial streams, sediment stored by wood is significant given the low sediment supply. 
 
Spatial Variations in Wood and Sediment Storage in Streams 
 
Wood and sediment storage positively covary when controlling for drainage area, 
channel width, slope, and other variables that scale with stream size (May and Gresswell, 
2003; Mao et al., 2008; Davidson, 2011). Wood volume is a function of forest growth, death, 
bank erosion, mass wasting, transport, and decay (Benda and Sias, 2003). The relative 
importance of these mechanisms depends on stream size, basin topography, and climate 
(Benda and Sias, 2003; Cadol and Wohl, 2011). For example, chronic tree mortality and 
episodic events such as windthrow, fire, and mass wasting may increase wood volumes in 
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small channels, while bank erosion is often the primary mechanism of wood recruitment in 
large channels (Benda and Sias, 2003). 
The distribution of wood within stream reaches, laterally across floodplains, and 
downstream through the channel network affects its potential for storing sediment and 
governs its influence on sediment routing. In forested mountain streams, large wood 
structures change predictably with increasing drainage area (Nakamura and Swanson, 
1993; Wohl and Jaeger, 2009). In small, headwater streams with channel gradients greater 
than 0.05, large wood tends to be immobile and forms steps where it enters the channel 
(Wohl, et al., 1997). Wood may account for a large proportion of the total resistance in 
step-pool channels through the generation of form drag and step-induced spill resistance 
(Wilcox et al., 2006). Log steps store sediment in wedges upstream of embedded wood 
(Marston, 1982; Wohl, et al., 1997; Figure 1). Where tree height is large relative to channel 
width, such that wood recruited from adjacent hillslopes may be suspended above the 
active channel, the geomorphic and sediment-storage impact of wood may be limited 
(Marston, 1982; Nakamura and Swanson, 1993). 
 
 
 
Figure 1: (a) Schematic of wood-forced sediment deposition in mountain streams, where 
black arrows denote flow direction. (b) Logs store coarse bed material in an upstream 
wedge. (c) Jams may promote bar formation and store fine sediment in pools. Gravel and 
sand above dashed red lines in (b) and (c) distinguish wood-forced sediment from 
hypothetical channel bed in absence of wood. 
 
a 
c b 
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Greater transport capacity promotes wood mobility and subsequent interaction to 
form jams (Abbe and Montgomery, 2003). Wood jams create hydraulic roughness, decrease 
flow velocity, and contribute to sediment deposition (Manga and Kirchner, 2000; Davidson, 
2011; Figure 1). Marginal and channel-spanning jams can also promote overbank 
deposition during high flows (Jeffries et al., 2003; Oswald and Wohl, 2008). Sediment 
volume generally correlates with jam size (Eaton and Hassan, 2013). Nevertheless, the high 
transport capacity that drives the formation of large jams can also lead to their instability, 
diminishing their long-term potential for storing sediment (Eaton and Hassan, 2013; Wohl 
and Jaeger, 2009).  
The formation, persistence, and geomorphic impact of jams depend in part on 
channel type and valley geometry (Massong and Montgomery, 2000; Abbe and 
Montgomery, 2003; Wohl, 2011; Wohl and Beckman, 2014b). Wood in sufficient volume 
(e.g., in channel-spanning logjams) can shift a bedrock to an alluvial reach (Montgomery et 
al., 1996; Wohl, 2011). In transitional or mixed bedrock-alluvial channels, boulders and 
bedrock may suspend large wood, thereby limiting its interactions with bedload. 
Alternatively, boulders and bedrock may facilitate jam formation by racking up large wood 
and stabilizing key pieces (Faustini and Jones, 2003; Figure 2). 
 
 
Positive and negative feedbacks operating in different channel types influence the 
formation and persistence of channel-spanning jams and associated sediment. A channel-
spanning jam extends across the active channel and creates stepped water and bed-surface 
longitudinal profiles over at least two-thirds of the channel width (Wohl and Beckman, 
2014a). In wider, lower-gradient unconfined reaches, channel-spanning jams are more 
b 
a c 
Figure 2: Interactions among (a) boulders, (b) large wood, and (c) finer bed material 
(e.g., gravel and sand) influence sediment storage. Combinations of two of these 
elements are shown on the outside of the circle, and a schematic in which boulders, 
wood, and finer bed material are present, potentially maximizing sediment storage, is 
shown in the center. Modified from Faustini and Jones (2003). 
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abundant and each jam stores more sediment compared with confined reaches that tend to 
be narrow and steep (Wohl and Beckman, 2014a). The lower transport capacity in 
unconfined reaches increases the potential for jam formation and stability, resulting in a 
positive feedback promoting greater wood and sediment storage (Wohl and Beckman, 
2014a). In unconfined valleys, a channel-spanning jam may contribute to overbank flows 
and the creation of secondary channels during floods. When hydrologically connected to 
the main channel, secondary channels reduce the water depth and velocity behind a jam. 
This lowers the hydrostatic forces of buoyancy, lift, and drag that might otherwise remove 
the jam (Wohl, 2011). Overbank flows can also enhance large wood recruitment by bank 
erosion (Figure 3). 
 
 
 
Wood and Sediment Routing 
 
Measurements of sediment storage and transport in streams of varying size and 
riparian forest composition indicate that large wood influences sediment routing. Studies 
of both humid and semiarid streams with a log bed-step morphology observe that sediment 
stored by wood is one to ten times the mean annual sediment yield (Marston, 1982; 
Megahan, 1982; Ryan et al., 2014). Sediment stored by wood jams varies similarly (e.g. 
Andreoli et al., 2007; Comiti et al., 2008; Keller et al., 1995). Wood volume and sediment 
storage tend to be greater in streams in old-growth forests than in logged watersheds 
Figure 3: Feedbacks occur among wood jams, sediment storage, and channel 
morphology. (a) In lower-gradient, less confined streams, a positive feedback can 
promote jam persistence and sediment storage, whereby channel-spanning jams 
potentially contribute to overbank flows, channel avulsion, multi-thread channel 
pattern, elevated wood recruitment, and jam persistence. (b) In steeper, confined 
streams, high transport capacity results in transient wood and sediment storage. Model 
first described in Wohl (2011). Figure from Wohl and Beckman (2014b). 
 
a 
b 
5 
 
(Jackson and Wohl, 2015). Wood removal from a second-order stream in a hardwood forest 
in New Hampshire caused a six-fold increase in sediment yield (Bilby, 1981). Similarly, 
reintroduction of instream wood substantially increases sediment storage (Elosegi et al., 
2017; Parker et al., 2017).  
Tracer experiments provide limited evidence of sediment trapping and storage by 
wood. Removal of wood from a forest ditch in Belgium reduced the threshold for 
mobilization and transport of tracer clasts (Assani and Petit, 1995). In gravel-bed streams, 
tracer experiments indicate little to no correlation between transport of individual clasts 
and large wood influence. Jams trapped only a small fraction of tagged particles in a stream 
in coastal British Colombia (Haschenburger and Rice, 2004). Cadol and Wohl (2011) 
obtained similar results from a tracer experiment in a wet tropical stream. 
Temporal variability in wood volume and associated sediment storage depends on 
hydrology and on whether steady or episodic processes drive wood and sediment volume. 
In the former case, sediment stored by wood might be expected to approach a steady state 
over decades to millennia, although destruction of jams may result in year-to-year 
sediment flux of the same order of magnitude as mean annual sediment yield (Eaton et al., 
2012). Steady versus episodic erosional processes can have varying influences on short- 
and long-term sediment yields in mountain basins (Kirchner et al., 2001; Orem and 
Pelletier, 2016; Pelletier et al., 2015), which may interact with analogous wood recruitment 
processes. Wood and sediment volumes may covary in response to rare events such as 
debris flows (May and Gresswell, 2003), although wood-induced storage of episodic 
sediment inputs to streams may dampen fluctuations in sediment yield (Lancaster and 
Hayes, 2001; Short et al., 2015). 
 The few studies that have addressed the impact of wood and other channel 
obstructions on fine-sediment residence time suggest that large wood can increase storage 
time (Skalak and Pizzuto, 2010; Fisher et al., 2010). Fine-sediment residence time ranges 
from 100 to 102 days in steep, boulder-bed mountain streams (Bonniwell et al., 1999) to 
100 to 102 years in lower-gradient, gravel-bed streams (Gartner et al., 2012). Residence 
time appears to be negatively correlated with discharge at a given site and positively 
correlated with drainage area (Bonniwell et al., 1999). Fisher et al. (2010) find that 
sediment stored by large wood tends to be older than that associated with boulders, and 
that storage by both structural elements lasts longer in transport-limited rather than 
supply-limited reaches of a low-order stream in Maine. 
 
Research Questions 
 
Reviews on connectivity in river systems (Fryirs, 2013; Wohl, 2017) highlight the 
need for more quantitative insights into wood-induced sediment storage in mountain 
streams. Few reach-scale studies in forested mountain streams have considered the 
relative magnitude of sediment stored by individual large wood pieces and log jams of 
various size. Furthermore, most studies of sediment stored in association with large wood 
have been conducted in gravel-bed streams in coastal environments, especially the Pacific 
Northwest. Compared to that region, mountain streams in the intermountain western U.S. 
contain smaller and more mobile wood due to lower forest-stand density and average tree 
diameter, and long-duration, snowmelt-driven peak streamflows (Wohl and Goode, 2008; 
Wohl and Jaeger, 2009). I investigated the influence of large wood on sediment routing in a 
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mixed bedrock-alluvial stream. My research addresses the following questions and 
hypotheses:  
Q1: How does the distribution of large wood in a mixed bedrock-alluvial stream 
influence sediment storage?  
H1: Large wood stores more sediment per unit wood volume where it forms 
channel-spanning jams compared with small jams and individual pieces, which 
produce less form drag than jams and thus have lower potential for storing 
sediment. 
Q2: How does large wood affect sediment residence time? 
H2: Large wood increases the residence time of coarse and fine sediment stored in 
association with instream wood by lowering its transport capacity. 
To address my research questions, I performed intensive measurements of wood, 
sediment, and channel morphology in one stream, and I generalized my results with 
modeling. I adopted this multifaceted study design to provide a thorough assessment of 
wood and sediment storage in mixed bedrock-alluvial streams, via comprehensive analysis 
of how wood and bedload interact at one location, in contrast to past studies enumerating 
wood and sediment in multiple streams. I report field measurements of wood and 
associated sediment volume. One-time measurements of wood and sediment volumes 
contribute limited information about the temporal dynamics of sediment transport and 
storage, however, with the exception of a space-for-time substitution. Therefore, I used a 
bed-material tracer experiment and fallout radionuclide analysis, to provide insight into 
the influence of large wood on sediment routing and residence time over days to years. I 
also extended the temporal scale of my analysis to century-scale stochastic modeling of 
wood and sediment. Modeling one-dimensional hydraulics, sediment transport, and wood 
and sediment interactions contextualizes observed patterns in wood and sediment storage. 
My work advances understanding of how the processes driving wood and sediment volume 
vary by channel type and has geomorphic, ecological, and management implications. 
 
Methods 
 
Study Site 
 
My study site is Lost Horse Creek, a stream in the Bitterroot Mountains of western 
Montana (Figure 4). Lost Horse Creek is well suited to this research because of its wood 
characteristics, channel and valley morphology, and hydroclimatic setting. The study reach 
contains individual large wood pieces, small jams, and channel-spanning jams whose 
distribution and sediment storage can be quantified in a manner that controls for potential 
governing variables such as discharge.  Lost Horse Creek is distinctive in key respects from 
forested mountain streams upon which most of our understanding of large wood and 
sediment storage is based. First, Lost Horse Creek varies from alluvial, to mixed bedrock- 
alluvial, to bedrock over short distances, facilitating assessment of patterns in large wood 
distribution and sediment storage in relation to alluvial cover in a manner distinct from 
previous work. Second, the basin’s cold climate and snowmelt-dominated hydrology  
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contribute to smaller piece size, lower total wood volume, and differing flow regime in 
comparison to the better-characterized streams of coastal mountains. 
The study area is in the southern Bitterroot Range, where granitic rocks of the Idaho 
batholith predominate (Foster et al., 2001). A portion of the Bitterroots, including Lost 
Horse Creek, is a metamorphic core complex that was exhumed during the Eocene; Tertiary 
mylonite forms the eastern margin (Foster et al., 2001). Foster et al. (2008) indicate that 
uplift rates in the Bitterroot Mountains are negligible, but fault scarps revealed by recent 
LiDAR surveys highlight uncertainties about recent tectonic activity.  
The topography, climate, susceptibility to fire, and vegetation are typical of 
mountain ranges in this region (Hyde et al., 2014) and of the continental climate transition 
zone between the Pacific Northwest and eastern Rocky Mountains (Brunelle et al., 2005). 
The Bitterroot Range is oriented north-to-south and consists of a series of west-to-east 
trending canyons that were occupied by valley glaciers during multiple Pleistocene 
glaciations (Alden, 1953). Cirque glaciers on north-facing slopes also shaped topography 
during the Last Glacial Maximum (Naylor and Gabet, 2007; Foster et al., 2008). The 
Bitterroot’s bedrock dominance and coarse valley fill are consistent with other post-glacial 
landscapes (Hoffmann, 2015). Where soil-mantled hillslopes occur, they support mixed 
coniferous forests dominated by Douglas fir (Pseudotsuga menziesii), ponderosa pine  
 (Pinus ponderosa), and Engelmann spruce (Picea engelmannii). Most precipitation falls as 
Figure 4: Study site on Lost Horse Creek in the Bitterroot Mountains, Montana. 
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snow, and summer drought and convective storms can trigger fires (Brunelle et al., 2005).  
My study reach is a 720 m, third-order reach at about 1650 m elevation and drains 
37 km2 (Figures 4 and 5). Forest density and extent are greatest in the valley bottom. 
Hillslope cover includes sparse montane and subalpine forests, talus slopes, boulder fields, 
and exposed bedrock. There are four avalanche slide paths (Stauffer, 1976) on the south-
facing hillslope that likely contribute to the stream’s wood volume, the largest of which 
abuts the upstream end of the study reach (Figure 5a). The basin has not been harvested in 
the past century (BNF Timber Harvest, 2016). In 1988, a moderate- to high-severity fire 
burned about 25% of the basin draining to my study reach (Monitoring Trends in Burn 
Severity, 2018). Average annual precipitation ranges from 1130 mm to 2300 mm (PRISM, 
2018). Data from the nearby Twelvemile Creek snow telemetry (SNOTEL) site (elevation 
1707 m) indicate that precipitation is greatest from November to January, and July to 
September are the driest months. Lost Horse Creek is ungaged but has a snowmelt-driven 
flow regime, with peak flows in May and June. My study occurred during a period of above- 
 
 
 
Figure 5: Field site on Lost Horse Creek, where channel dimensions, bed-material size, 
and distribution of wood and wood-forced sediment were surveyed. (a) Orthomosaic of 
study reach from drone-based aerial imagery with cross sections overlaid. Avalanche 
slide path borders channel between XS10 and XS11. (b) Measurement of downstream-
most large wood jam and (c) associated bar. 
a 
b c 
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average snowfall and runoff. Peak snow water equivalent (SWE) was ~140% of normal in 
2017 and ~200% of normal in 2018. According to the nearest US Geological Survey gaging 
stations (West Fork Bitterroot near Conner, MT; Bitterroot River near Darby, MT) the 2017 
peak discharge at those sites had a recurrence interval between 2 and 5 years (Montana 
Flood-Frequency and Basin-Characteristic Data, 2018). The 2018 peak discharge had a 
recurrence interval between 5 and 10 years (Montana Flood-Frequency and Basin-
Characteristic Data, 2018).  
Lost Horse Creek oscillates between steep, bedrock and boulder-strewn, mixed 
bedrock-alluvial reaches and low-gradient (<0.01), alluvial, gravel- and cobble-bedded 
reaches. My study reach reflects these broader patterns. The upper 370 m of the reach is 
predominantly alluvial, and it transitions from a riffle-pool to a plane-bed channel type 
(Figure 6). Downstream, it is a mixed bedrock-alluvial stream with cascade and step-pool 
morphology (Figure 6).  
 
 
  
Figure 6: Two channel types within Lost Horse Creek study reach. Upper 370 m is 
alluvial and consists of (a) riffle-pool and (b) plane-bed channels. (c) Lower 360 m is 
mixed bedrock-alluvial, with cascade and step-pool channels. (d) Alluvial (green) and 
mixed bedrock-alluvial subreaches (red) on water-surface longitudinal profile from 
LiDAR-based DEM. 
 
a 
c 
b 
d 
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Remote Sensing 
 
I used aerial photographs, a drone survey, and airborne LiDAR data to characterize 
instream wood and channel morphology in my study reach. Within Google Earth, I 
inspected air photos from July 2013 and September 2016 to evaluate the persistence of 
individual logs and jams. The National Center for Landscape Fire Analysis (Fire Center) at 
the University of Montana completed a drone survey of a 1km segment of Lost Horse Creek, 
including my study reach, in November 2016. A DJI Matrice 100 drone equipped with a 
gimbal and camera acquired orthometric RGB imagery from which the Fire Center 
constructed an orthomosaic and three-dimensional point cloud. The drone survey was 
originally intended to quantify instream wood, but the imagery lacked the necessary 
resolution to capture most individual pieces and small jams.   
To characterize channel morphology and associated valley constraints, I used the 
drone-generated orthomosaic and a bare-earth DEM from an airborne LiDAR survey 
completed in September 2016 (NCALM, 2016). I delineated the channel, active floodplain, 
and valley margins, and I used the resulting polygons to calculate channel width, 
entrenchment (valley area/channel area), confinement (active floodplain/channel area), 
and sinuosity of my study reach and several subreach combinations. Then, I extracted a 
longitudinal profile from the DEM, to which I compared my field-surveyed profile. I also 
investigated the long profile’s shape in the context of valley and hillslope topography and 
the influence of landscape forcings including glaciation and tectonics. 
To depict the spatial distribution of landforms and structural elements (e.g. 
boulders, bedrock, and large wood) within the river corridor along my study reach, I 
constructed a geomorphic map following guidance in Wheaton et al. (2015). I incorporated 
field measurements of sediment stored in association with wood, to show how these stores 
relate to the aforementioned reach and valley-scale attributes of my study site, major side 
channels (as mapped in the field), and other geomorphic attributes. 
 
Channel Morphology, Hydraulics, and Large Wood Distribution 
 
To understand how large wood and sediment relate to channel morphology, I 
conducted a field survey of Lost Horse Creek during 2017 and 2018. To distinguish 
between and characterize the alluvial and mixed bedrock-alluvial subreaches, I surveyed 
the slope, channel dimensions, and size of bed material throughout my study reach. I used a 
Leica TS06 Total Station to survey a longitudinal profile along the thalweg. From this, the 
two channel types were distinguished based on slope and bedform. I also surveyed channel 
morphology along 11 equally spaced cross sections, in which I treated the first slope break 
on each bank as representing the bankfull channel elevation. To measure the surface grain 
size, I completed modified Wolman pebble counts at every other cross section, in which I 
measured the median diameter of 200 particles using a gravelometer. 
Because Lost Horse Creek is ungaged, I used a combination of field measurements, 
analysis of nearby gage data, and USGS regression relations (StreamStats, 2017) to 
estimate flow magnitudes and frequencies.  To measure stage, I installed In-Situ Level 
TROLL 300 pressure transducers, recording at 15-minute intervals, at the downstream and 
upstream ends of my study reach in spring 2017 and 2018. I also measured the discharge 
at a range of wadeable flows using a SonTek FlowTracker Acoustic Doppler Velocimeter. I 
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developed a series of stage-discharge relations from these data, which I used to estimate 
discharge for the portion of the 2017 and 2018 water years for which stage was monitored. 
To estimate the recurrence interval of peak flows, I used both regional regression and 
comparison of unit discharge at my study site to corresponding measurements at USGS 
gaging stations on the West Fork Bitterroot River near Conner, MT and the Bitterroot River 
near Darby, MT. 
 To determine how large wood volume and distribution relate to channel type, I 
measured and characterized instream wood. I measured the length and mid-length 
diameter of each piece that extended at least 1 m into the bankfull channel and had a 
diameter ≥ 0.1 m. From these measurements, I calculated the volume of each piece by 
treating each log as a cylinder. I classified each piece as single or part of a jam (three or 
more pieces of wood that are in contact). Wood volume between the alluvial and mixed 
bedrock-alluvial domains was then compared by dividing the total wood volume by the 
subreach length and area (including wood volume where individual pieces were not 
measured, as described below). 
To quantify wood organized in jams, I estimated the total volume of each jam from 
the sum of individual piece volumes. Where it was impractical to survey individual pieces 
within a jam, I used the porosity method to estimate the total volume (Livers et al., 2015). I 
surveyed the perimeter and top of the jam with a total station. By assuming a constant 
slope of zero beneath the jam, the volume was calculated as the product of the surface area, 
height, and porosity. In calculating the uncertainty in each volume, I assumed the surface 
area was accurate to within ~10% and the porosity was ± 0.1. To determine the error in jam 
height, I calculated the standard deviation of the average elevation of the base and top of 
the jam. The distribution of wood between subreaches was compared by calculating the 
proportion of wood volume in jams, the average volume of each jam, and the jam frequency 
(number of jams divided by subreach length).  
To provide further insights into the relative mobility of large wood, and thus its 
potential for storing sediment over time, I also evaluated metrics related to large wood 
retention including decay, accumulation, stability, and source. I noted whether each piece 
had a rootwad and its level of decay (rotten, decayed, bare, limbs, bark, needles/leaves; 
after Wohl et al., 2010). I documented any features associated with its accumulation (jam, 
living tree/rootwad, buried in bank, boulder, bedrock, bar, buried in bed, none), its stability 
(drifted or unattached, bridge, collapsed bridge, ramp, buried, pinned), and its source 
(unknown, riparian, hillslope, floated, bank undercutting) (Wohl et al., 2010). Lastly, I 
determined whether it was forcing a geomorphic unit (bar, pool, riffle, none) and storing 
sediment.  
Subreach differences in individual piece dimensions and categorical attributes were 
compared using Welch’s t-tests and chi-squared tests for independence, respectively. I 
assessed data normality using quantile-quantile and density plots, and log-transformed the 
data when necessary to meet the assumption of data normality for Welch’s t-test. A chi-
squared test uses data in a contingency table, which contains the number of observations 
for every combination of two categorical values, to estimate the likelihood that the 
variables are independent (Kuzmak, 2014). When pieces were assigned to one category, I 
evaluated chi-squared tests for all categories at once (e.g. decay) and each category in turn 
(e.g. rotten/not rotten, decayed/not decayed, etc.). When categories were not exclusive, 
chi-squared tests could only be performed for each category. 
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Sediment Stored by Wood (Q1) 
 
 To answer my first research question, I quantified sediment in wood-forced riffles, 
bars, and pools within the active channel. I surveyed sediment in riffles and bars during 
summer 2017. To estimate the volume of coarse bed material stored by log bed-steps and 
jams, I treated each wood-forced sediment deposit with a surface area ≥ 1 m2 as a wedge 
defined by breaks in channel gradient and bed-material size (Figure 1). To determine its 
dimensions, I surveyed the perimeter and the elevation of the bed surface immediately 
upstream and downstream of the log or jam using a total station. I considered features 
wood-forced if one or more pieces of the involved wood were at an angle to the main flow. 
Frequently, sediment deposits were partially wood-forced in which case I noted other 
structural elements or forcings.  
 I estimated the volume of sediment stored in bars similarly to how I estimated the 
volume of large wood jams. I surveyed the perimeter and top of the bar, and calculated the 
volume from the derived surface area and average height. The volume of fine bed material 
stored in each pool was determined by probing sediment depth in a gridded pattern (Lisle 
and Hilton, 1992). First, I surveyed the perimeter with a total station. Then, I strung a tape 
across the longest dimension of the deposit to facilitate systematic probing with the aid of a 
1 m2 PVC frame. To determine deposit thickness, I pounded a steel rod into the fine 
sediment until the depth of refusal, assumed to coincide with the underlying coarse bed 
material. If the surface area of the deposit measured between 1 – 4 m2, I probed sediment 
depth every 0.25 m2. When the surface area was 4 – 20 m2, sediment depth was probed 
every meter. For deposits exceeding 20 m2, random soundings were performed in a zig-zag 
pattern across the length of the tape for a total of about 20. I estimated the volume from the 
surface area and average deposit thickness. Consistent with jam surveys, I assumed the 
surface area was accurate to within ~10% and estimated the error in depth by calculating 
the standard deviation of the average depth. 
 To compare the geomorphic influence of individual pieces, small jams, and channel-
spanning jams, I related the average volume of each type of wood-forced sediment store to 
the average volume of corresponding wood. Specifically, I divided the volume of sediment 
by the volume of wood for each feature, and then calculated the average sediment to wood 
volume for each type of wood-forced sediment-storage element. I also addressed this 
research question at the reach scale by comparing the total volume of sediment to the 
cumulative volume of wood in individual pieces, small jams, and channel-spanning jams, a 
metric known as the large wood particulate storage index (LWPSI) (Pfeiffer and Wohl, 
2018). 
 
Sediment Residence Time (Q2) 
 
To assess the influence of large wood on coarse bed-material transport, I monitored 
the movement of painted tracers through a wood jam. In late fall 2017, I seeded 90 painted 
and numbered tracers, with sizes within the D16 and D84 of the mobile fraction of the bed 
material, in three transects. One transect was ≤ 5 m downstream of the jam, the second was 
within the measured sediment deposit, and the third was about 10 m upstream of the jam. I 
distributed tracers evenly across each transect, exchanging each one with an existing clast 
of a similar size and shape. During baseflow in summer 2018, I searched for tracers on the 
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bed surface from the upstream transect to the downstream end of the study reach, and 
surveyed the position of all recovered tracers. Additional details are provided in Appendix 
E. 
To gain insight into the residence time of fine sediment, I analyzed activity levels of 
fallout radionuclides, which are unstable elements that are delivered from the atmosphere 
to earth’s surface through wet and dry fallout and sorb to fine sediment (Bonniwell et al., 
1999; Appendix E). For particle diameters between 63 and 125 μm, I compared the 
activities of the radionuclide 7Be (t1/2 = 53.4 days) (Bonniwell et al., 1999) in sediment 
stored in association with large wood to several potential upstream sources and a 
downstream sink. Two emergent bars, five submerged bars, both channel-spanning jams, 
and a submerged bar just downstream of these jams were targeted for analysis. I collected 
~0.5 – 2 L of fine bed material to a depth of 10 cm. Because both snowmelt and rainfall 
influence the activity level of fallout radionuclides (Bonniwell et al., 1999), I collected 
samples at three different times in summer 2018: after snowmelt-driven peak streamflow 
(13 July), one month without rain (10 August), and the first significant rainfall (21 August) 
(Figure E4). Sample radioactivity was measured using a broad-energy germanium detector 
(Dixon Lab, Montana State University). I used the 7Be activity of each sample to calibrate an 
exponential-decay model, to which I compared subsequent sample activities. When 
combined with precipitation and stream stage records, the predicted and observed 
radionuclide activities provide information about transport dynamics and associated 
residence time. 
 
Modeling 
 
To expand the spatial and temporal scale of my analysis and provide context for my 
field data, I completed several modeling approaches related to hydraulics, sediment 
transport, wood loading, and sediment storage. To understand spatial and temporal 
variations in hydraulics and transport capacity and channel-floodplain flow connectivity in 
my study reach, I ran the one-dimensional (1D) HEC-RAS (Hydrologic Engineering Center’s 
River Analysis System) model. HEC-RAS modeling estimates flow width, depth, velocity, 
Froude number, and shear stress at specified cross sections. I also used HEC-RAS to 
determine the flow magnitude and recurrence interval at which side channels adjacent to 
the alluvial subreach, in which I observed significant wood-forced sediment deposition, are 
hydrologically connected to the main channel. I used the LiDAR-based DEM of the 
floodplain and field surveys of the main channel as topographic input. The range of 
discharges I simulated were informed by the streamflow estimates described above. 
To contextualize my sediment storage and bed material observations with respect 
to the flow regime in Lost Horse Creek, I estimated flow competence; i.e. the propensity of 
bed materials to be mobilized (Church, 2006). Critical dimensionless shear stress (critical 
Shields stress, 𝜏𝑐
∗) provides a measure of flow competence and is calculated as follows: 
𝜏𝑐
∗  = 
𝜏𝑐
(𝜌𝑠−𝜌)𝑔𝐷50
 (Equation 1). 
The 𝜏𝑐
∗ metric relates the shear stress associated with initial motion of bed materials 
(critical shear stress, 𝜏𝑐 , equal to 𝜌𝑔𝑅𝑐𝑆) to submerged grain weight (the denominator in 
Equation 1), where 𝜌𝑠 is sediment density (2650 kg/m3), 𝜌 is the density of water (1000 
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kg/m3), 𝑔 is gravitational acceleration, and 𝐷50 is the median particle diameter. Critical 
Shields stress for mountain streams varies due to differences in bed-material size, other 
roughness sources including large wood, and slope (Mueller et al., 2005), and is challenging 
to measure directly. Therefore, as a preliminary assessment of flow competence, I used two 
empirical equations to estimate 𝜏𝑐
∗. The first equation I used for 𝜏𝑐
∗ was developed from 
streams in western North America (Mueller et al., 2005): 
 𝜏𝑐
∗  ≈ 𝜏𝑟
∗ = 2.18𝑆 + 0.021 (Equation 2), 
where 𝜏𝑟
∗ is the reference shear stress as defined by Mueller et al. (2005) and 𝑆 is the 
channel slope. I also used an equation developed from field and flume measurements in 
gravel-bed streams. It explicitly incorporates the effect of slope and large grains on bed 
mobility:  
𝜏𝑐
∗  ≈ 𝜏𝑚
∗ = (5𝑆 + 0.06) (
𝐷84 
𝐷50
)4.4√𝑠−1.5 (Equation 3), 
where 𝜏𝑚
∗  is the mobility shear stress, or shear stress corresponding to the transition 
between partial and full bed mobility in gravel and cobble-bed streams (Recking, 2013), 
and 𝐷84 is the 84th percentile of particle diameter. Then, I calculated the hydraulic radius 
(R) at the initial-motion (critical) condition (i.e., 𝑅𝑐), by rearranging the equation for 𝜏𝑐
∗ 
(Equation 1): 
𝑅𝑐 = 
𝜏𝑐
∗(𝜌𝑠−𝜌)𝐷50
𝜌𝑆
 (Equation 4).  
Finally, I used cross-section measurements to determine the stage at each pressure 
transducer that corresponded with the calculated 𝑅𝑐, enabling me to estimate the 
magnitude and duration of competent flows. 
To estimate sediment transport rates and annual sediment export, I used Bedload 
Assessment for Gravel-bed Streams (BAGS) (Pitlick et al., 2009). I first used BAGS to 
estimate the mobile fraction of bed material near the jam where painted tracers were 
seeded. Within BAGS I employed the Parker (1990) surface-based equation to calculate 
sediment transport, which is suitable for bed-material conditions in my study reach. To 
estimate annual sediment export, I used the reach-average channel dimensions, the friction 
slope calculated in HEC-RAS, bed-material size distribution, and a flow duration curve that 
I developed from discharge estimates during the 2018 water year. 
I used my field data to test a stochastic model of wood loading and sediment 
storage, the reach-scale channel simulator (RSCS) (Eaton and Hassan, 2013). The RSCS 
models wood input, modification, transport, and interaction to predict wood and sediment 
storage (Figure 7). The model assumes no instream wood at time zero, and chronic tree 
mortality delivers wood to the channel at a rate dictated by the user (Appendix F). For 
annual time steps, the RSCS records the total volume of wood in a reach, the volume of 
sediment stored by this wood, the volume of wood and sediment associated with jams, and 
the age, size, and volume of sediment released by any jams that failed (Eaton and Hassan, 
2013). 
I simulated wood loading and sediment storage for a multi-century period in Lost 
Horse Creek using the RSCS, with model calibration using field measurements (Appendix 
F). The spatial domain was selected as a multiple (15 times) of the bankfull width. Based on 
testing of model durations (years for each model run), I chose 300 years as a duration that 
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captures the increase and subsequent oscillation in wood and sediment volumes observed 
in most simulations. For 200 model runs, I modeled the proportion of wood in each 
functional class and in jams, and the number and size of jams, and I compared the modeled 
distributions of large wood to field measurements. I assessed how well the RSCS represents 
sediment stored by wood by comparing the modeled volume of sediment associated with 
individual pieces and jams to my field measurements. Finally, I estimated the residence 
time of sediment stored by pieces and jams as the mean time since each piece last moved 
and the mean age at which jams failed, respectively, to which I then compared my remote 
sensing and field-based inferences of sediment residence time. 
To evaluate the sensitivity of my results to model duration, I also completed RSCS 
modeling with 600-year duration. In these simulations each model run includes several 
cycles of jam formation and breakage. I visually compared the total volume of wood and 
sediment in the reach to the total volume of wood and sediment in jams for individual 
model runs. 
 
 
 
Figure 7: Schematic of Reach Scale Channel Simulator (RSCS). Model determines volume 
of instream wood and sediment within a reach of length Lch, bankfull width Wch, bankfull 
depth dch, and sediment transport, Qbm. The length of newly recruited instream wood, 
LLW, depends on tree height, Htr, its distance from the channel, Xtr , and its fall direction, 
Θtr. Piece dimensions and orientation to the flow, ΘLW, dictate how much sediment it 
stores, ΔVsed. The modified RSCS also accounts for the functional class and relative 
submergence of each piece (dch/Dtr) in predicting sediment storage (Eaton and Hassan, 
2013). Figure from Eaton et al. (2012). 
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Results 
 
Channel and Valley Morphology 
 
 Channel and valley morphology mediate the distribution and residence time of 
wood and sediment in my study reach. The upstream and downstream portions of the 
reach show marked differences in both the valley-scale attributes of entrenchment and 
confinement and the channel-scale attributes of sinuosity, slope, and bed-material size. 
These differences collectively form the basis for distinguishing between an upstream 
alluvial subreach and a downstream mixed bedrock-alluvial subreach (Table 1). The valley 
and active floodplain narrows from upstream to downstream (Figure 8). I split the study 
reach at a valley-bottom constriction that aligns with XS6. Topographic and bed-material 
surveys are consistent with remote sensing and preliminary field observations indicating 
an increase in bedrock influence, bed-material size, and slope downstream of XS6 (Figures 
6, 9, and 10). 
 
 
 
  
Figure 8: Geomorphic map delineating channel, valley bottom (active floodplain), and 
valley margins of subreaches upstream and downstream of the valley-bottom 
constriction at XS6 (black line). Avalanche slide path (upper left) and floodplain side 
channels along upstream reach are also shown. 
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Valley Geometry Channel Attributes Bed-Material Size (mm)5 
Entrenchment1 Confinement2 Sinuosity3 Bed slope4 D16 D50 D84 
Reach 9.64 4.57 1.23 0.017 13 64 160 
Downstream 7.89 3.33 1.10 0.031 26 93 220 
Upstream 11.3 5.72 1.39 0.0097 14 50. 96 
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Table 1: Attributes of downstream and upstream subreaches. 
 
 
 
Table 2: Attributes of downstream and upstream subreaches. 
 
 
 
Table 3: Attributes of downstream and upstream subreaches. 
 
 
 
Table 4: Attributes of downstream and upstream subreaches. 
 
 
 
Table 5: Attributes of downstream and upstream subreaches. 
 
 
 
Table 6: Attributes of downstream and upstream subreaches. 
 
 
 
Table 7: Attributes of downstream and upstream subreaches. 
 
 
 
Table 8: Attributes of downstream and upstream subreaches. 
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Figure 9: Pebble counts of 200 particles at 
each of five, evenly spaced cross sections 
illustrate a coarsening of bed material 
from upstream (XS10) to downstream 
(XS2); locations are shown in Figure 5a. 
Also indicated are the D16, D50, and D84 or 
the median diameter below which 16, 50, 
and 84% of the bed material is finer, 
respectively.2floodplain width/channel width 
4from longitudinal profile of thalweg 
 
 
 
Figure 10: Pebble counts of 200 particles 
at each of five, evenly spaced cross 
sections illustrate a coarsening of bed 
material from upstream (XS10) to 
downstream (XS2); locations are shown in 
Figure 5a. Also indicated are the D16, D50, 
and D84 or the median diameter below 
which 16, 50, and 84% of the bed material 
is finer, respectively. 
 
 
 
Figure 11: Longitudinal profile of the 
thalweg, based on total station survey. The 
slopes of each subreach, based on the best-
fit lines shown above, are shown in Table 
1.Figure 12: Pebble counts of 200 particles 
at each of five, evenly spaced cross 
sections illustrate a coarsening of bed 
material from upstream (XS10) to 
downstream (XS2); locations are shown in 
Figure 5a. Also indicated are the D16, D50, 
and D84 or the median diameter below 
which 16, 50, and 84% of the bed material 
is finer, respectively.2floodplain 
width/channel width 
Figure 9: Pebble counts of 200 particles at each of five, evenly spaced cross sections 
illustrate a coarsening of bed material from upstream (XS10) to downstream (XS2); 
locations are shown in Figure 5a. Also indicated are the D16, D50, and D84 or the median 
diameter below which 16, 50, and 84% of the bed material is finer, respectively. 
 
 
 
Figure 27: Longitudinal profile of the thalweg, based on total station survey. The slopes 
of each subreach, based on the best-fit lines shown above, are shown in Table 1.Figure 
28: Pebble counts of 200 particles at each of five, evenly spaced cross sections illustrate 
a coarsening of bed material from upstream (XS10) to downstream (XS2); locations are 
shown in Figure 5a. Also indicated are the D16, D50, and D84 or the median diameter 
below which 16, 50, and 84% of the bed material is finer, respectively. 
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Hydraulics and Sediment Transport 
  
HEC-RAS modeling indicates that friction slope, velocity, Froude number, and shear 
stress are greater in the downstream subreach, and these subreach differences are 
accentuated with discharge (Table 2, Appendix D). The total flow area and width tend to be 
greater and the depth less within the upstream subreach. Differences in channel 
dimensions are consistent with remote sensing and preliminary field observations 
indicating that the downstream subreach is more confined and has fewer side channels 
than the upstream subreach (Table 1, Figure 8). Modeling suggests that side channels 
adjacent to the alluvial subreach are hydrologically connected to the main channel at flows 
equal to or exceeding bankfull (Figure 11). Thus, subreach differences in channel 
dimensions and hydraulics may reflect the degree of channel-floodplain connectivity, 
which in turn depends on valley morphology. 
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Figure 10: Longitudinal profile of the thalweg, based on total station survey. The slopes 
of each subreach, based on the best-fit lines shown above, are shown in Table 1.  
 
 
 
Table 16: Reach and subreach hydraulic metrics from HEC-RAS modeling of the bankfull 
discharge (12 m3/s). Table D5 contains output for all modeled discharges.Figure 46: 
Longitudinal profile of the thalweg, based on total station survey. The slopes of each 
subreach, based on the best-fit lines shown above, are shown in Table 1.  
 
 
 
Table 17: Reach a d subreach hyd aulic metrics from HEC-RAS modeling of the bankfull 
discharge (12 m3/s). Table D5 contains output for all mod led discharges. 
 
 
 
Table 18: Reach and subreach hydraulic metrics from HEC-RAS modeling of the bankfull 
discharge (12 m3/s). Table D5 contains output for all modeled discharges.Figure 47: 
Longitudinal profile of the thalweg, based on total station survey. The slopes of each 
subreach, based on the best-fit lines shown above, are shown in Table 1.  
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 Energy 
Grade 
Slope 
Vel 
Chnl 
(m/s) 
Vel 
Total 
(m/s) 
Area 
Chnl 
(m2) 
Area 
Total 
(m2) 
Width 
Chnl 
(m) 
Width 
Total 
(m) 
Depth 
Chnl 
(m) 
Depth 
Total 
(m) 
Fr # 
Chnl 
Fr # 
Total 
Shear 
Chnl 
(N/m2) 
Shear 
Total 
(N/m2) 
Reach 0.022 1.1 1.0 9.1 14 16 38 0.60 0.57 0.47 0.50 120 100 
Downstream 0.034 1.4 1.4 8.4 8.8 15 16 0.57 0.54 0.60 0.60 170 170 
Upstream 0.010 0.81 0.65 9.8 20 17 61 0.63 0.60 0.33 0.39 57 33 
Table 2: Reach and subreach hydraulic metrics from HEC-RAS modeling of the bankfull 
discharge (12 m3/s). Table D5 contains output for all modeled discharges. 
 
 
 
Table 28: Reach and subreach hydraulic metrics from HEC-RAS modeling of the bankfull 
discharge (12 m3/s). Table D5 contains output for all modeled discharges. 
 
 
 
Table 29: Reach and subreach hydraulic metrics from HEC-RAS modeling of the bankfull 
discharge (12 m3/s). Table D5 contains output for all modeled discharges. 
 
 
 
Table 30: Reach and subreach hydraulic metrics from HEC-RAS modeling of the bankfull 
discharge (12 m3/s). Table D5 contains output for all modeled discharges. 
 
 
 
Table 31: Reach and subreach hydraulic metrics from HEC-RAS modeling of the bankfull 
discharge (12 m3/s). Table D5 contains output for all modeled discharges. 
 
 
 
Table 32: Reach and subreach hydraulic metrics from HEC-RAS modeling of the bankfull 
discharge (12 m3/s). Table D5 contains output for all modeled discharges. 
 
 
 
Table 33: Reach and subreach hydraulic metrics from HEC-RAS modeling of the bankfull 
discharge (12 m3/s). Table D5 contains output for all modeled discharges. 
 
 
 
Table 34: Reach and subreach hydraulic metrics from HEC-RAS modeling of the bankfull 
discharge (12 m3/s). Table D5 contains output for all modeled discharges. 
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Figure 11: Modeled water surfaces at cross sections within the (a) downstream and (b) upstream subreaches. At XS2 (a), 
there are no side channels and flow is confined to the main channel at all discharges. At XS7 (b), the stream overtops its 
banks and inundates side channels on both the left and right floodplain at flows equal to or exceeding bankfull (12 m3/s). 
The observed water surface (OWS) is indicated when known. Note the vertical-axis exaggeration and the x-axis scales differ. 
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According to USGS gage and SNOTEL data (Figures C3 and C4), stream stage and 
discharge were above normal during the 2017 and 2018 snowmelt-runoff period (Figures 
12 and D8). The 2017 and 2018 peak discharge had an estimated recurrence interval of 
about 2 and 5 years, respectively (Appendix C). I estimated a critical Shields stress of 0.081 
at the downstream pressure transducer (Appendix D). Flows exceeded the corresponding 
critical stage for a total of ~11 days in 2018. I estimated an annual sediment export of 650 
m3/year using the Parker (1990) bedload transport equation. 
 
 
 
Large Wood and Sediment Storage (Q1) 
 
By volume, most wood occurs in jams, and the channel-spanning jams account for 
about 50% of the wood volume (Table 3). Wood volume in the upstream subreach is double 
that of the downstream subreach. Jam frequency does not vary by subreach, but average 
jam volume, which is strongly influenced by the channel-spanning jams, is three times 
larger in the upstream subreach. 
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Figure 12: Stream stage at the downstream end of the reach during spring and early 
summer 2017 and 2018. In 2018, there were about 11 days above the threshold for 
motion. The pressure transducer was only installed during part of the 2017 runoff 
season.  
 
 
 
 
Table 42: Large wood volume and distribution by reach and subreach.Figure 90: Stream 
stage at the downstream end of the reach during spring and early summer 2017 and 
2018. In 2018, there were about 11 days above the threshold for motion. The pressure 
transducer was only installed during part of the 2017 runoff season.  
 
 
 
 
Table 43: Large wood volume and distribution by reach and subreach. 
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 Reach Downstream Upstream 
Wood Volume (m3) 220 ± 20 68 ± 5 150 ± 20 
Wood Volume (m3/100 m) 30. ± 4 19 ± 2 40. ± 6 
Wood Volume (m3/ha) 160 ± 20 110 ± 10 220 ± 30 
Proportion of Wood in Jams (m3/m3) 0.8 ± 0.1 0.8 ± 0.1 0.9 ± 0.2 
Proportion of Wood in Channel-Spanning 
Jams (m3/m3) 
0.5 ± 0.1 0 0.8 ± 0.2 
Jam Frequency (number/100 m) 6.2 ± 0.4 6.2 ± 0.3 6.3 ± 0.3 
Average Jam Volume (m3/jam) 4.1 ± 0.5 2.4 ± 0.2 5.7 ± 0.9 
Average Jam Volume Excluding Channel-
Spanning Jams (m3/jam) 
1.6 ± 0.1 2.4 ± 0.2 0.91 ± 0.03 
Average Volume of Channel-Spanning Jams 
(m3/jam) 
60 ± 10 NA 60 ± 10 
 
Piece dimensions and other wood attributes differ by subreach (Figures 13-15). 
Large wood piece length and volume are larger in the downstream subreach (Welch’s t 
tests, α=0.05), but piece diameter is not different between subreaches (Figure 13). There 
are subreach differences in the general source, rootwad presence, level of decay, and 
accumulation of large wood pieces (chi-squared tests, α=0.05) (Figures 14 and 15). The 
proportion of pieces of riparian origin in the downstream subreach is double that of the 
upstream subreach (Figure 14). Large wood pieces are four times as likely to have a 
rootwad in the upstream subreach. Although most large wood shows evidence of 
significant decay (decayed or rotten), the proportion of decayed wood is about 1.5 times as 
large and the proportion of bare wood is about half as large in the upstream subreach 
(Figure 15). More pieces are associated with bedrock, boulders, islands, or live 
trees/rootwads in the downstream subreach, and more pieces are buried in the banks or 
not associated with an obvious geomorphic feature or structural element in the upstream 
subreach. 
Table 3: Large wood volume and distribution by reach and subreach. 
 
 
 
 
 
 
Table 54: Large wood volume and distribution by reach and subreach. 
 
 
 
 
 
 
Table 55: Large wood volume and distribution by reach and subreach. 
 
 
 
 
 
 
Table 56: Large wood volume and distribution by reach and subreach. 
 
 
 
 
 
 
Table 57: Large wood volume and distribution by reach and subreach. 
 
 
 
 
 
 
Table 58: Large wood volume and distribution by reach and subreach. 
 
 
 
 
 
 
Table 59: Large wood volume and distribution by reach and subreach. 
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Figure 13: Comparison of (a) piece length, (b) piece diameter, and (c) wood volume, 
between downstream and upstream subreaches; p-values indicate significance of 
differences, based on Welch’s t-tests of the log-transformed data. Sample sizes for all 
three metrics are shown in (c). Mean ± standard deviation piece length, diameter, and 
volume in the downstream subreach are 5.0 ± 4.7 m, 0.19 ± 0.078 m, and 0.19 ± 0.29 m3, 
respectively. Mean ± standard deviation piece length, diameter, and volume in the 
upstream subreach are 3.6 ± 3.3 m, 0.18 ± 0.071 m, and 0.13 ± 0.23 m3, respectively. 
 
 
Figure 109: Comparison of (a) piece length, (b) piece diameter, and (c) wood volume, 
between downstream and upstream subreaches; p-values indicate significance of 
differences, based on Welch’s t-tests of the log-transformed data. Sample sizes for all 
three metrics are shown in (c). Mean ± standard deviation piece length, diameter, and 
volume in the downstream subreach are 5.0 ± 4.7 m, 0.19 ± 0.078 m, and 0.19 ± 0.29 m3, 
respectively. Mean ± standard deviation piece length, diameter, and volume in the 
upstream subreach are 3.6 ± 3.3 m, 0.18 ± 0.071 m, and 0.13 ± 0.23 m3, respectively. 
 
 
Figure 110: Comparison of (a) piece length, (b) piece diameter, and (c) wood volume, 
between downstream and upstream subreaches; p-values indicate significance of 
differences, based on Welch’s t-tests of the log-transformed data. Sample sizes for all 
three metrics are shown in (c). Mean ± standard deviation piece length, diameter, and 
volume in the downstream subreach are 5.0 ± 4.7 m, 0.19 ± 0.078 m, and 0.19 ± 0.29 m3, 
respectively. Mean ± standard deviation piece length, diameter, and volume in the 
upstream subreach are 3.6 ± 3.3 m, 0.18 ± 0.071 m, and 0.13 ± 0.23 m3, respectively. 
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Figure 14: Categorical data for individually surveyed wood by reach and subreach: (a) 
general source, (b) subsource of riparian wood, and (c) rootwad presence. Panel (b), a 
subset of data in (a), provides more information about wood of riparian origin. P-values 
from chi-squared tests are included and frequencies are indicated above each bar. When 
there are more than two factor levels, significance of chi-square tests for each level are 
depicted as follows *p < 0.05, **p < 0.01, and ***p < 0.001. In (b), undercut and unknown 
factor levels do not meet the assumption that sample size is large enough that expected 
values are ≥ 5 for all cells in the contingency table. 
 
 
 
 
 
Figure 128: Categorical data for individually surveyed wood by reach and subreach: (a) 
general source, (b) subsource of riparian wood, and (c) rootwad presence. Panel (b), a 
subset of data in (a), provides more information about wood of riparian origin. P-values 
from chi-squared tests are included and frequencies are indicated above each bar. When 
there are more than two factor levels, significance of chi-square tests for each level are 
depicted as follows *p < 0.05, **p < 0.01, and ***p < 0.001. In (b), undercut and unknown 
factor levels do not meet the assumption that sample size is large enough that expected 
values are ≥ 5 for all cells in the contingency table. 
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Figure 15: Categorical data for individually surveyed wood by reach and subreach: (a) level of decay, (b) stability, and (c) 
features associated with piece accumulation. P-values from chi-squared tests are included and frequencies are indicated 
above each bar. Some pieces were assigned to more than one stability or accumulation so chi-squared tests were performed 
only at the factor level. Significance of chi-square tests for each level are depicted as follows *p < 0.05, **p < 0.01, and ***p < 
0.001. Bark (a), needles (a), collapsed bridge (b), bridge (b), and other (c) do not meet the assumption that sample size is 
large enough that expected values are ≥ 5 for all cells in the contingency table. 
1collapsed bridge 
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Sediment stored by wood in the upstream subreach is six times the volume 
measured in the downstream subreach (Table 4). About half of the sediment stored by 
wood consists of fine sediment, all of which occurs in the upstream subreach. Greater 
sediment stored by wood correlates with both larger wood volume and the efficiency with 
which large wood stores sediment (Tables 3 and 4). 
 
 Reach Downstream Upstream 
Sediment Volume (m3) 124 ± 9 15 ± 3 109 ± 8 
Sediment Volume (m3/100 m) 17 ± 2 4.2 ± 0.9 30. ± 3 
Sediment Volume (m3/ha) 90 ± 10 24 ± 5 160 ± 20 
Coarse Sediment Volume (m3) 58 ± 6 15 ± 3 43 ± 4 
Fine Sediment Volume (m3) 66 ± 7 0 66 ± 7 
LWPSI (m3 sediment/m3 wood)1 0.57 ± 0.08 0.22  ± 0.05 0.7  ± 0.1 
 
 Channel-spanning and small jams account for about 75% and 20%, respectively, of all 
sediment stored in association with wood (Table 5). The former store relatively more fine 
sediment, and the latter store more coarse sediment. Large wood pieces store less than 5% 
of each of the fine and coarse sediment volume. Channel-spanning and small jams account 
for more of the total wood volume and have a higher sediment-storage efficiency than do 
individual pieces. The LWPSI indicates that channel-spanning jams store more than double 
and about seven times the volume of sediment per unit volume of wood than do small jams 
and pieces, respectively. 
 
 Pieces Small Jams Channel-
Spanning Jams 
Large Wood Volume (m3)1 32.7 ± 0.7 71 ± 5 110 ± 20 
Sediment Volume (m3) 3.9 ± 0.5 24 ± 3 96 ± 8 
Proportion of Sediment (m3/m3) 0.031 ± 0.004 0.20 ± 0.03 0.77 ± 0.09 
Coarse Sediment Volume (m3) 2.4 ± 0.2 15 ± 3 40. ± 5 
Proportion of Coarse Sediment (m3/m3) 0.042 ± 0.005 0.26 ± 0.06 0.7 ± 0.1 
Fine Sediment Volume (m3) 1.5 ± 0.4 9.1 ± 0.9 56 ± 7 
Proportion of Fine Sediment (m3/m3) 0.022 ± 0.007 0.14 ± 0.02 0.84 ± 0.1 
LWPSI (m3 sediment/m3 wood)2 0.12 ± 0.01 0.34 ± 0.05 0.9 ± 0.2 
 
 
Sediment Residence Time (Q2) 
   
 Of the painted tracers placed prior to the spring 2018 runoff, I recovered about one-
third during summer 2018 baseflow (Table E2). Most recovered tracers did not move, and 
Table 4: Fine and coarse sediment stored in association with wood by reach and 
subreach. 
 
 
 
 
 
 
Table 79: Fine and coarse sediment stored in association with wood by reach and 
subreach. 
 
 
 
 
 
 
Table 80: Fine and coarse sediment stored in association with wood by reach and 
subreach. 
 
 
 
 
 
 
Table 81: Fine and coarse sediment stored in association with wood by reach and
subreach. 
 
 
 
 
 
 
Table 82: Fine and coarse sediment stored in association with wood by reach and 
subreach. 
 
 
 
 
 
 
Table 83: Fine and coarse sediment stored in association with wood by reach and 
subreach. 
1Large wood particulate storage index 
 
 
 
 
 
Table 86: Volume of fine and coarse sediment by feature type.1Large wood particulate 
storage index 
 
 
Table 87: Volume of fine and coarse sediment by feature type. 
 
 
 
 
Table 88: Volume of fine and coarse sediment by feature type.1Large wood particulate 
storage index 
 
 
 
 
 
Table 89: Volume of fine and coarse sediment by feature type.1Large wood particulate 
storage index 
 
 
 
 
 
Ta l  90: Volume of fine and coarse sediment by feature type. 
Table 5: Volume of fine and coarse sediment by feature type. 
 
 
 
 
 
 
Table 98: V lume of fine and coarse sediment by feature type. 
 
 
 
 
 
 
Tabl  99: Volume of fin  and coarse sediment by feature type. 
 
 
Table 100: Volume of fine and coarse sediment by feature type. 
 
1Small discrepancy in total large wood volume between this table and Table 4 due to rounding. 
2Large wood particulate storage index 
 
 
 
Figure 154: 7Be activity of the 63 – 125 μm size fraction within each sediment sample, 
where higher activities are indicative of more recent delivery of radionuclides to a site 
via runoff or rainfall, and lower activities are indicative of “older” sediment in which 7Be 
has decayed. Green markers denote emergent bars and orange markers correspond to 
sites within ne of the chan el-spanning jams; sample sites are mapped in Figure E3. All 
other sampling sites ar  submerged bars. Sites B and D were not sampled on 13 July 
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the remaining five were transported < 5 m downstream of their starting location (Table 
E3). Failure to recover 2/3 of the seeded particles suggests that they either were 
transported downstream beyond the study reach or were buried. 
 With respect to fallout radionuclide analysis of fine sediments, less than half of fine 
sediment samples had detectable levels of 7Be (Figure 16). In my first set of samples, 
collected seven weeks after peak flow and on the falling limb of the snowmelt hydrograph 
(13 July 2018; Figure 16), there were no obvious spatial patterns in 7Be activity (Figure 
16). Fallout activity at all sites decreased between 13 July 2018 and 10 August 2018, 
consistent with radionuclide decay. In all but one location (Site I, shown in Figure E3), the 
decline was greater than expected from decay alone, suggesting mobilization of fine 
sediments during this time (Table E5). There was no measureable rainfall at the 
Twelvemile SNOTEL site between 13 July 2018 and 10 August 2018, and although stream 
stage increased by ~4 cm on 14 July 2018, otherwise the snowmelt hydrograph receded 
during this period (Figure E4). On 20 August 2018, 1 cm of rain fell and stream stage 
increased by ~3 cm. Fallout activity of both emergent bars and two of the three sites within 
the channel-spanning jams increased between 10 August 2018 and 21 August 2018, 
consistent with rain-induced delivery of fallout radionuclides.  
Inferences regarding the residence time of coarse and fine sediment storage by 
wood, although limited by low recovery rates of painted tracers and small sample sizes for 
fallout radionuclides, are considered in the Discussion. 
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Figure 16: 7Be activity of the 63 – 125 μm size fraction within each sediment sample, 
where higher activities are indicative of more recent delivery of radionuclides to a site 
via runoff or rainfall, and lower activities are indicative of “older” sediment in which 7Be 
has decayed. Green markers denote emergent bars and orange markers correspond to 
sites within one of the channel-spanning jams; sample sites are mapped in Figure E3. All 
other sampling sites are submerged bars. Sites B and D were not sampled on 13 July 
2018 and data are missing for Sites A – C and K on 10 August 2018. 
 
 
 
 
Figure 166: 7Be activity of the 63 – 125 μm size fraction within each sediment sample, 
where higher activities are indicative of more recent delivery of radionuclides to a site 
via runoff or rainfall, and lower activities are indicative of “older” sediment in which 7Be 
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Stochastic Modeling of Large Wood and Sediment 
 
The RSCS modeling of large wood and sediment storage in my study reach predicts 
that volumes of instream wood and associated sediment typically reach their maximum 
after 100 and 200 years, respectively, from the onset of wood introduction (Figure 17). The 
volumes of wood and sediment stored by wood oscillate by an average of 35% and 68%, 
respectively, from its maximum to its minimum during the years 201 to 300. Despite 
accounting for a similar proportion of the total wood and sediment volumes (Tables 6 and 
7), large wood jams only appear to drive oscillations in total sediment volume (Figure 17, 
Figure F1). 
 
 
The dimensions, proportion in each functional class, and total volume of large wood 
pieces predicted in the RSCS are similar to field measurements of Lost Horse Creek (Tables 
6 and 7). The proportion of in-channel to hanging pieces in the RSCS is about twice that 
measured in the field (Table 6). Nevertheless, when considering only the functional class of 
pieces in jams, which provides an indication of how the exclusion of pieces within the 
largest jams might affect the resulting metrics, the proportions within each functional class 
in the RSCS are similar to those in the field. 
The RSCS predicts that a much lower proportion of the total wood volume occurs in 
jams compared to my field measurements. The default definition of a key piece, or one that 
is capable of trapping other pieces to form a jam, limits the RSCS to modeling only channel-
spanning jams (Eaton and Hassan, 2013; Appendix F). The modeled proportion of wood in 
channel-spanning jams is about half of what was measured in Lost Horse Creek (Table 6). 
Jam spacing is not significantly different, but jam size is about 80% smaller in the RSCS.  
Figure 17: Panel a shows the total volume of wood (dark grey) and jams (light gray) for 
all 200 simulations. Panel b displays corresponding information for sediment stored by 
wood. The first three simulations are highlighted with solid lines indicating total wood 
(a) or sediment (b) volume, and dashed lines indicating wood (a) and sediment (b) 
volume associated with jams. 
 
 
 
 
 
Table 111: Comparison of large wood distribution between field surv y and 
model.Figure 185: Panel a shows the total volume of wood (dark grey) and jams (light 
gray) for all 200 simulations. Panel b displays cor esponding information for s diment 
stored by wood. The first three simulations are highlighted with solid lines indicati g 
total wood (a) or sediment (b) volume, and dashed lines indicating wood (a) and 
sediment (b) volume associated with jams. 
 
 
 
 
 
Table 112: Comparison of large wood distribution between field survey and model. 
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 Field RSCS1 
Average Piece 
Dimensions (m)2 
Length 4.1 ± 4.0 3.9 ± 2.9 
Diameter 0.19 ± 0.074 0.19 ± 0.077 
Proportion in 
Functional Class 
(by Volume)2,3 
Spanning 0.013 (0.019) 0 ± 0.01753 
Hanging 0.48 (0.37) 0.32 ± 0.054 
In-Channel 0.51 (0.61) 0.68 ± 0.054 
Proportion in Jams (by Volume)4 0.85 (0.5) 0.24 ± 0.22 (0.41 ± 0.12 ) 
Jam Spacing (/100m)4 6.2 (0.3) 0.42 ± 0.37 
Average Jam Volume (m3)4,5 4 ± 10 (60 ±3) 11.9 ± 5.26 
 
 As with wood volume, the RSCS indicates that the proportion of sediment stored by 
jams is much lower than my field measurements. The total sediment stored by wood is 
similar, but the model predicts only 31% of this is stored by jams compared to 76% 
measured in the field (Table 7). Both the RSCS and field surveys suggest that jams store 
more sediment per unit large wood volume than do individual pieces. Yet modeled rates of 
sediment storage for pieces and jams are 3.5 and 2.5 times larger, respectively, than those I 
surveyed in the field. 
 
 Field RSCS1 
Wood Volume (m3/m2) 0.016 0.014 ± 0.0025 
Sediment Stored by Wood (m3/m2) 0.0092 0.0083 ± 0.0057 
Proportion of Sediment Stored by Jams2 0.97 (0.76) 0.31 ± 0.35 (0.71 ± 0.20) 
LWPSI Reach 0.57 0.54 ± 0.40 
Jams2 0.65 (0.83) 1.6 ± 0.77 
Pieces 0.12 0.42 ± 0.13 
 
 Instream wood residence time ranges from years for individual pieces to decades 
for jams. The median and standard deviation of time since an individual piece last moved 
for all pieces in the reach at the end of the last simulation is 2 ± 10 years. In contrast, the 
Table 6: Comparison of large wood distribution between field survey and model. 
 
 
 
 
 
 
Table 123: Comparison of large wood distribution between field survey and model. 
 
 
 
 
 
 
Table 124: Comparison of large wood distribution between field survey and model. 
 
 
 
 
 
 
Table 125: Comparison of large wood distribution between field survey and model. 
 
 
 
 
 
 
Table 126: Comparison of large wood distribution between field survey and model. 
 
 
 
 
 
 
Table 127: Comparison of large wood distribution between field survey and model. 
 
 
 
 
 
 
Table 128: Comparison of large wood distribution between field s rvey and model. 
 
 
 
 
 
 
Table 129: Comparison of large wood distribution between field survey and model. 
 
1Average piece dimensions are for all simulations and all years. Proportion in each functional 
class and jams, and jam spacing are the median and standard deviation of all simulations during 
the years 201 to 300. Average jam volume is for all jams that failed. 
2Field metrics calculated from individual piece survey.  
3The RSCS models three functional classes of wood: spanning (“bridge” in field survey), hanging 
pieces (“ramp” and “collapsed bridge”), and in-channel (“unattached,” “buried,” and/or 
“pinned”). Number in parenthesis reflects subset of pieces in jams.  
4Number in parenthesis is for channel-spanning jams only (field) and when jams present (RSCS). 
5For RSCS, multiplied average/standard deviation of number of pieces in all jams that failed by 
volume of piece with average dimensions. 
 
 
 
 
 
 
Tabl  130: L rge wood di tribution in relatio  to sedi ent sto ag  from fi d survey and 
model.1Average piece dimensions are for all simulations and all years. Proportion in each 
functional class and jams, and jam spacing are the median and standard deviation of all 
simulations during the years 201 to 300. Average jam volume is for all jams that failed. 
2Field metrics calculated from individual piece survey.  
3The RSCS models three functional classes of wood: spanning (“bridge” in field survey), hanging 
pieces (“ramp” and “collapsed bridge”), and in-channel (“unattached,” “buried,” and/or 
“pinned”). Number in parenthesis reflects subset of pieces in jams.  
4Number in parenthesis is for channel-spanning jams only (field) and when jams present (RSCS). 
5For RSCS, multiplied average/standard deviation of number of pieces in all jams that failed by 
volume of piece with average dimensions. 
 
 
 
 
 
 
Table 131: Large wood distribution in relati n to sedim nt storage from field survey and 
model.1Average piece dimensions are for all simulations and all years. Proportion i  each 
functional class and jams, and jam spacing are the median and standard deviation of all 
simulations during the years 201 to 300. Average jam volume is for all jams that failed. 
2Field metrics calculated from individual piece survey.  
3The RSCS models three functional classes of wood: spanning (“bridge” in field survey), hanging 
pieces (“ramp” and “collapsed bridge”), and in-channel (“unattached,” “buri d,” and/or 
“pinned”). Number in parenthesis reflects subset of pieces in jams.  
4Number in parenthesis is for channel-spanning jams only (field) and when jams present (RSCS). 
Table 7: Large wood distribution in relation to sediment storage from field survey and 
model. 
 
 
 
1Median and standard deviation of all simulations during the years 201 to 300. 
2Number in parenthesis is for channel-spanning jams only (field) and when jams present (RSCS). 
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median and standard deviation of the age at breakage for all jams that failed during all 
simulations is 20 ± 20 years. 
 
Discussion 
 
In a ~1 km reach of Lost Horse Creek, wood and sediment dynamics differ between alluvial 
and mixed bedrock-alluvial subreaches. Low wood and sediment volumes in the mixed 
bedrock-alluvial subreach correlate with the channel’s high transport capacity. Consistent 
with previous research, thresholds in wood and sediment storage and positive feedback 
loops involving channel-spanning jams underlie observed differences in wood and 
sediment storage. Two channel-spanning jams within the low-gradient, less-confined 
alluvial subreach fundamentally alter channel morphology and store a majority of wood 
and sediment within the study reach. Although there was no detectable difference in coarse 
sediment mobility with large wood influence, fallout radionuclide analysis indicates that 
large wood can increase the residence time of fine sediment. 
  
Large Wood and Sediment Storage (Q1) 
 
By volume, about 85% of wood occurs in jams (Table 3). Few large wood pieces are 
deposited on bars, islands, or otherwise unattached (Figure 15); these types of pieces are 
likely to be readily mobilized during floods (Marcus et al., 2002). On average, there are five 
floated pieces for each piece of riparian origin (Figure 14). This ratio is a conservative 
estimate because it increases to 8:1 among pieces in jams, which are underrepresented 
among individually surveyed wood. More than 80% of pieces are rotten or decayed; 
indicating that the residence time of instream wood within the reach could be decades 
(Hyatt and Naiman, 2001). Jams, boulders, bedrock, and local transport dynamics leading 
to burial in the bed and banks presumably contribute to high wood retention (Figure 15).  
Wood volume in my study reach is similar to values reported for other streams in 
the Intermountain West. The measured wood volume of 160 m3/ha is within the range of 
39 – 303 m3/ha for subalpine streams of similar width and drainage area in Yellowstone 
National Park, Wyoming (Wohl and Scott, 2016). It is also within the range of 12 – 415 
m3/ha for subalpine streams in Rocky Mountain National Park, Colorado (Wohl and Cadol, 
2011), but it exceeds the range of 0.06 – 29 m3/ha observed in Colorado montane streams 
that are more similar in width to Lost Horse Creek (Wohl and Jaeger, 2009). Montane 
streams in the Colorado Front Range are snowmelt and rainfall-dominated, and they are 
more likely to experience significant overbank flooding compared with subalpine streams 
(Polvi et al., 2011). Thus, differences in hydrologic regime and associated wood retention 
could explain why wood volume in Lost Horse Creek is substantially higher. 
Greater transport capacity may partly account for low wood volume in the 
downstream subreach. Subreach differences in large wood piece dimensions are slight 
compared with differences in channel hydraulics (Figure 13, Table 2). The gravitational and 
drag forces that drive wood mobility increase with friction slope and velocity, respectively 
(Braudrick and Grant, 2000). Given modeled differences in flow, large wood should be 
more mobile in the downstream subreach. Reduced supply may also contribute to low 
wood volume. Greater hillslope-channel coupling in the downstream subreach might be 
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expected to increase wood supply, consistent with observed differences in riparian wood 
recruitment (Figure 14). Nevertheless, the disproportionate volume of wood stored by the 
channel-spanning jams suggests that they effectively trap wood, more than offsetting slight 
differences in local wood supply from the riparian corridor. 
Differences in subreach wood volume are consistent with patterns observed in 
other mountain streams. Past studies indicate that channel confinement, sinuosity, and 
number of channels are key predictors of wood volume. Nakamura and Swanson (1994) 
observe that wood volume in a fifth-order mountain stream in the western Cascade Range, 
Oregon is highest within wide or unconfined, sinuous reaches and lowest within narrow or 
confined, straight reaches. They suggest that enhanced trapping and recruitment of large 
wood in multi-thread reaches, which are common where the stream is unconfined, lead to 
greater wood storage (Nakamura and Swanson, 1994). Similarly, Wohl (2011) notes a 
three-fold difference in wood volume between low-gradient, unconfined multi-thread 
reaches and steep, confined single-thread reaches in the Colorado Front Range. 
Instream wood influences sediment routing by storing coarse sediment in wedges 
and bars and fine sediment in pools. Sediment stored by wood, most of which occurs in the 
alluvial subreach, is the same order of magnitude as annual bedload export estimated using 
the Parker (1990) bedload transport equation. Stream surveys in other regions have 
produced similar results. Marston (1982) observe that sediment stored by log steps in 62 
third- through fifth-order streams in the Oregon Coast Range is 123% of the estimated 
mean annual sediment yield. Likewise, Andreoli et al. (2007) find that the total volume of 
sediment stored by wood pieces and jams in a third-order stream in the Chilean Andes is 
119% of the mean annual sediment yield. 
Although sediment storage in the mixed bedrock-alluvial subreach is one-sixth of 
that measured in the alluvial subreach, instream wood may still control sediment routing. 
Given the discontinuous alluvial cover and overall paucity of fine sediment in the 
downstream subreach, lower sediment storage by wood may simply reflect the channel’s 
sediment supply-limited condition. At the same time, the mixed bedrock-alluvial channel 
may contain more large wood pieces that are suspended on boulders or bedrock and/or 
parallel to the direction of flow; storing little to no sediment as a result.  
As with subreach differences in wood volume, sediment stored by wood depends on 
channel type. Wood stores 160 m3 sediment/100 m in a bedrock-controlled reach of Mack 
Creek, a third-order stream in the western Cascade Range, Oregon, while the boulder-bed 
reach just downstream contains 500 m3 of sediment/100 m (Nakamura and Swanson, 
1993). Nakamura and Swanson (1993) assert wood stores less sediment in the bedrock 
reach because the channel is sediment supply-limited and more pieces are unattached and 
parallel to the flow. In contrast, wood in boulder-bed channels promotes sediment storage 
and retention by forming stable structures that increase channel roughness and lead to 
sediment deposition (Nakamura and Swanson, 1993; Faustini and Jones, 2003). Where 
large wood pieces are smaller in diameter, sediment stored by wood may vary to an even 
greater degree with channel type. Wohl and Beckman (2014b) estimate that sediment 
stored by wood averages 1.4 m3/100 m in low-gradient unconfined reaches and 21 m3/100 
m in steep confined reaches in subalpine streams in the Colorado Front Range. Although 
bedrock is discontinuously exposed along the bed and banks of these cobble and boulder-
bed streams (Wohl and Cadol, 2011), they did not explicitly relate wood and sediment 
volumes to alluvial cover. 
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Field measurements partially support the few existing empirical models of sediment 
stored by wood. A power function fit to Mack Creek data predicts that sediment storage 
increases with channel slope and width (Nakamura and Swanson, 2003). A more general 
form of this relation performs moderately well on data in a recent meta-analysis (Wohl and 
Scott, 2016), although a separate multivariate analysis on the same data indicates that 
drainage area and wood volume, but not channel slope or bankfull channel width, are 
significant predictors of sediment storage. Thus, empirical models trained on data collected 
across spatial scales may not adequately reflect reach-scale variation in sediment storage. 
Future models might incorporate some measure of the extent of alluvial cover, which can 
confound relations between sediment stored by wood and other channel attributes.  
Jams store more sediment per unit volume of wood than do individual pieces, and 
channel-spanning jams are particularly effective at storing sediment. This finding is 
consistent with previous studies that find the organization of wood into jams correlates 
with increased sediment storage (Pfeiffer et al., 2017), and that channel-spanning jams 
store sediment at higher rates compared with other types of jams (Nakamura and 
Swanson, 1993; Mao et al., 2008). Results also support the widespread observation that 
channel-spanning jams play a disproportionate role in wood and sediment storage in river 
networks (Montgomery et al., 1996; Massong and Montgomery, 2000; Wohl and Beckman, 
2014b).  
The two channel-spanning jams within the low-gradient, less-confined subreach are 
the only site in the reach where the channel is multi-thread (Figure 8). At flood stage, a 
large backwater forms behind these jams, inundating portions of the floodplain and routing 
flow into side channels. I measured significant coarse and fine sediment storage within 
active channels and observed wood-forced sediment deposition in adjacent floodplain 
channels. HEC-RAS modeling provides evidence that wood-forced changes in channel 
planform and associated hydraulics contribute to high wood retention and sediment 
storage. The flow area is much greater and the depth, velocity, and shear stress are 
significantly lower in the wood-forced multi-thread channel (Appendix D). Declining shear 
stress leads to sediment deposition, and lower velocity and relative wood submergence 
promote jam persistence. These observations support the positive feedback loop proposed 
in Wohl (2011) (Figure 3) that explains how channel-spanning jams in low-gradient, 
unconfined reaches facilitate long-term wood and sediment storage. 
 
Large Wood and Sediment Dynamics though Time (Q2) 
 
Linkages between the magnitude and recurrence interval of flows and particle 
mobility are complex but can be used to develop inferences about sediment residence time. 
The painted tracer experiment and fallout radionuclide analysis indicate the residence time 
of sediment stored by wood varies from days to years. Most painted tracers moved during 
the 2018 snowmelt runoff period, the peak of which had an estimated recurrence interval 
on the order of five years. This suggests that many of the coarse (gravel and cobble) clasts 
stored by wood have average residence times of less than five years. Patterns in 7Be activity 
of submerged fine sediment samples, as described below, signal that the residence time of 
sands and other fines in many locations is short, on the order of days to weeks. Aerial 
imagery, field observations, and modeling of wood and sediment dynamics show that 
pieces and jams may persist for many years. Thus, fine and coarse sediment in wood-forced 
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deposits may be exchanged at flows that are well below the threshold for large wood 
mobilization. 
Although the tracer rocks provided insight into bed-material mobility, the low 
overall recovery rate of painted tracers limits inferences into how large wood affects 
coarse-sediment transport. Moreover, particle recovery rate, which is affected by paint 
durability and particle burial, is not a proxy for sediment residence time. Deployment of 
Passive-Integrated Transponder (PIT)-tagged rocks, which typically have higher recovery 
rates than do painted rocks (Kondolf and Piegay, 2016), in multiple reaches and/or 
multiple streams, would allow more rigorous testing of the hypothesis that large wood 
lowers the transport capacity of coarse sediment, thereby increasing its residence time. 
Fallout radionuclide analysis provides some indication that channel-spanning jams 
trap and retain fine sediment, thereby increasing its residence time. The greater-than-
expected (as a result of radioactive decay) decline in 7Be activity at nearly all sites between 
13 July 2018 and 10 August 2018 suggests fine sediment deposits may be reworked at 
baseflow. Increased fallout activity of emergent bars and two sites within the channel-
spanning jams following a rainstorm provides evidence that jams trapped newly tagged 
sediment; i.e., sediment with higher 7Be activities as a result of recent rain-induced delivery 
of 7Be (Bonniwell et al., 1999). When combined with field measurements of fine sediment, 
fallout radionuclide analysis suggests that large wood, especially within channel-spanning 
jams, changes the residence time of fine sediment. The heterogeneity of sample activities 
precludes precise characterization of residence time. Sampling of fallout radionuclide 
activities at high temporal and spatial resolutions would facilitate a more comprehensive 
evaluation of fine-sediment storage and transport in coarse-bedded mountain streams. 
The RSCS model provides insight into how the distribution of large wood affects 
sediment storage and how wood and sediment interactions vary through time. The model 
suggests that the organization of wood into channel-spanning jams influences sediment 
storage, but not wood volume (Figure 17). Compared to individual pieces, more pieces in 
jams are oriented nearly perpendicular to the flow and thus store more sediment per unit 
wood volume (Table 7). The RSCS assumes that wood input from fluvial transport matches 
output, and pieces are lost only through decay. This simplification explains why total wood 
volume does not change with jam formation, growth, or breakage.  
Although jams store a disproportionate volume of wood and sediment, their 
dynamic nature may reduce their influence on sediment routing in the long-term. When 
present, jams store about 41% of the wood volume and 71% of the associated sediment, 
which is consistent with my field observations (Table 7). The median proportion of wood 
and sediment stored by jams drops to 24% and 31%, respectively, when calculated over the 
long-term. The default threshold for key piece designation leads to about one channel-
spanning jam with a median residence time of 20 years (Table 6). Thus, the formation, 
growth, and breakage of a jam leads the total sediment stored by wood to oscillate over 
years to decades, reducing the influence of jams on reach-scale bedload trapping and 
storage.  
Channel-spanning jams likely have a greater and more consistent influence on 
sediment routing over larger spatial scales. The RSCS may accurately describe wood and 
sediment dynamics where channel-spanning jams are sparsely distributed, as in Lost Horse 
Creek. Nevertheless, model results likely do not reflect patterns in wood and sediment 
storage when channel-spanning jams are abundant. The loss of wood and sediment storage 
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following jam breakage may be balanced by the formation of a new jam (Wohl and 
Beckman, 2014b). In addition, the next channel-spanning jam may capture stored material 
released by a jam that fails (Wohl and Beckman, 2014b). 
The RSCS provides evidence for positive and negative feedback loops involving 
channel-spanning jams (Figure 3; Wohl, 2011). Volumes of wood and sediment stored by 
jams increase rapidly when a jam forms, which is consistent with one or more positive 
feedbacks. Then, negative feedbacks in the form of declining supply of mobile wood and 
reduced bedload trapping efficiency contribute to relatively stable wood and sediment 
volumes in jams.  
Temporal variations in wood and sediment storage may depend on the relative 
influence of gradual versus episodic processes. The RSCS is suited to modeling interactions 
of wood and sediment associated with steady processes (e.g., chronic tree mortality) and 
illustrates associated temporal oscillations in volumes of wood and sediment stored by 
wood (Figure 17). The effect of episodic events including avalanches, fire, and floods on 
wood load and distribution is not captured in current iterations of the RSCS. 
 
Conclusions 
 
Channel type influences overall storage of wood and sediment in channels. Previous 
research has primarily focused on differences in wood and sediment volumes with channel 
width, slope, and confinement. This study highlights the importance of alluvial cover, the 
extent of which determines basic stream type, in governing sediment stored by wood. 
Divergent patterns in wood and sediment storage with channel type may reflect differences 
in transport capacity. Sediment stored by wood also depends on large wood distribution. 
Jams tend to store more sediment than do pieces, and channel-spanning jams are 
particularly effective at storing sediment. Notably, feedback loops involving channel-
spanning jams, which can store disproportionate volumes of wood and sediment within 
river networks, depend on channel type. 
 Large wood can have a pronounced influence on sediment storage in low-order 
mountain streams. Channel slope, which in turn depends on tectonics, lithology, and 
climate, exerts a first-order control on wood retention, sediment storage, and other 
geomorphic processes. Confinement also influences wood and sediment storage by 
mediating the connectivity of hillslopes and channels. Complex interactions between wood 
and sediment can locally influence channel slope (Figure 1) and pattern. For example, in 
low-gradient and unconfined reaches, large wood is more likely to form channel-spanning 
jams that contribute to long-term sediment storage (Figure 3) and amplify differences in or 
alter channel type.   
Given the overall paucity of mobile sediment in mixed bedrock-alluvial channels, 
instream wood may play a disproportionate role in the creation of aquatic habitat. Large 
wood creates textural patches and forms bars and pools. Consequently, riparian forest 
harvest or direct removal of instream wood can eliminate key aquatic habitat. Placement of 
large wood can be an effective restoration tool, but it must reflect the local geomorphic 
setting (Roni et al., 2014). In mixed bedrock-alluvial channels, jams are likely to remain in 
place and store more sediment than individual pieces. The placement of wood near 
boulders or bedrock outcrops may trigger feedbacks that increase both the volume and 
residence time of gravel and finer sediment (Figure 2). 
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Instream wood and sediment dynamics can determine the extent to which hillslope 
disturbances propagate from headwater streams to downstream portions of the channel 
network that are ecologically and economically important (Lancaster and Hayes, 2001; 
Short et al., 2015). Headwater streams may, on the one hand, serve as transport reaches for 
sediment delivered from hillslopes and may therefore be resilient in form and function to 
elevated sediment delivery from road networks and other sources of chronic sediment 
input. On the other hand, the combination of wood and sediment delivery from hillslope 
disturbances including fire, beetle kills, and logging may trigger feedbacks that alter 
channel morphology and result in greater sediment storage and longer sediment residence 
times in headwaters. Future research into how episodic wood and sediment inputs alter 
the transport efficiency of mixed bedrock-alluvial channels would inform forest 
management, stream restoration, and evaluation of the sensitivity of streams to climate-
change-induced shifts (Goode et al., 2012) in these disturbances. 
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Appendix A: Remote Sensing and Field Surveys 
 
Channel and Valley Morphology from Orthomosaic and DEM 
  
I delineated the channel, valley bottom, and valley margins in ArcGIS using the 
drone-derived orthomosaic and LiDAR-based DEM. I used the Spatial Analyst Tools to 
create a slope map from the DEM. The channel banks were identified from their steep slope 
compared to the adjacent floodplain and water surface, and their position was verified with 
the orthomosaic. I defined the valley margin from an abrupt slope break at about 10°. The 
valley bottom could not be identified as readily. I extracted a series of cross sections on 
which I noted the location of the valley bottom following guidance in David et al. (2017) 
(Figure A1). Then, I used the slope map to interpolate between known points. Additional 
details provided in next section. 
 
Calculation of channel width 
Equation: channel area/channel length as measured along centerline in ArcGIS 
 
Reach: 127532 𝑚2/722.3 𝑚 =  𝟏𝟖. 𝟑 𝒎 
Downstream: 6372 𝑚2/355.5 𝑚 =  𝟏𝟕. 𝟗 𝒎 
Upstream: 6856 𝑚2/366.8 𝑚 =  𝟏𝟖. 𝟕 𝒎 
 
Calculation of entrenchment 
Equation: valley area/channel area 
 
Reach: 127532 𝑚2/13229 𝑚2  =  𝟗. 𝟔𝟒  
Downstream: 50306 𝑚2/6375 𝑚2  =  𝟕. 𝟖𝟗 
Upstream: 77226 𝑚2/6856 𝑚2  =  𝟏𝟏. 𝟑 
 
Calculation of confinement 
Equation: valley bottom area/channel area 
 
Reach: 60394 𝑚2/13229 𝑚2  =  𝟒. 𝟓𝟕 
Downstream: 21206 𝑚2/6372 𝑚2  =  𝟑. 𝟑𝟑 
Upstream: 39188 𝑚2/6856 𝑚2  =  𝟓. 𝟕𝟐 
 
Calculation of sinuosity 
Equation: channel length/valley length 
 
Reach: 722.3 𝑚/588.5 𝑚 =  𝟏. 𝟐𝟑 
Downstream: 355.5 𝑚/323.9 𝑚 =  𝟏. 𝟏𝟎 
Upstream: 366.8 𝑚/264.6 𝑚 =  𝟏. 𝟑𝟗 
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Figure A1: Representative cross sections from LiDAR-based DEM illustrating the channel, valley bottom, and valley extent. I 
defined the valley bottom as the first slope break ≥ 1 m above the bankfull elevation. In (b) the extracted cross section does 
not extend the full width of the valley and the right valley bottom and valley margins are the same. Note the vertical-axis 
exaggeration and the x-axis scales differ. 
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Extending Surveyed Cross Sections to Include Floodplain 
 
I extended the 11 surveyed cross sections with the LiDAR-based DEM and the 3D 
Analyst toolbar in ArcGIS (Figure A2). I used the interpolate line tool to obtain a series of 
cross sections joining the left and right endpoints in each field survey and perpendicular to 
the flow direction in the reach. Each set of cross sections was aligned by matching the 
LiDAR elevation corresponding to each of the surveyed points on the banks and floodplain 
to the extrapolated cross section. To check that cross sections were laterally aligned, I 
compared the interpolated bankfull widths. Then, I recalculated the distance to reflect the 
surveyed channel topography and adjusted the elevation to align with the DEM. The 
vertical alignment was verified by comparing graphs of the original and adjusted cross 
sections. 
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Longitudinal Profile Convexity 
 
Subreach channel type may reflect differences in the degree of hillslope-channel 
coupling. Knickzones, or locally steepened reaches that manifest as longitudinal profile 
convexities (Phillips and Lutz, 2008), are common in valley constrictions where hillslope-
channel coupling is high (May et al., 2013). The downstream subreach, which gives the 
longitudinal profile its convex shape (Figure 10), is 70% more confined and 25% less 
sinuous than the upstream subreach (Table 1). Many locations within the mixed bedrock-
alluvial subreach contain angular, lichen-covered boulders (Figure A3), indicating that 
some bed material is rarely mobile and has long (>>101 years) residence times. Therefore, 
variable hillslope erosion through rock fall and talus slope production potentially 
contributes to profile convexity, consistent with observations from other streams draining 
the Bitterroot Range by A. Wilcox and previous University of Montana students.
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Figure A2: Cross sections extended with LiDAR-based DEM. Note the vertical-axis 
exaggeration and the x-axis scales differ. 
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Bed Material 
 
 
 
 
  
Figure A3: One of many channel sections in the mixed bedrock-alluvial subreach with a 
high density of angular, lichen-covered boulders. 
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Size Class 
(mm) 
Number Cumulative 
Percent 
2 6 3 
2.8 2 4 
4 2 5 
5.6 4 7 
11 1 7.5 
16 10 13 
22.6 8 17 
32 9 21 
45 16 29 
64 30 44 
90 21 54.5 
128 37 73 
180 19 82.5 
256 13 89 
512 10 94 
1024 12 100 
Total 200  
    
Size Class 
(mm) 
Number Cumulative 
Percent 
2 8 4 
2.8 1 4.5 
4 3 6 
5.6 2 7 
8 10 12 
11 3 13.5 
16 11 19 
22.6 9 23.5 
32 20 33.5 
45 26 46.5 
64 33 63 
90 34 80 
128 22 91 
180 17 99.5 
256 1 100 
Total 200  
Size Class 
(mm) 
Number Cumulative 
Percent 
2 15 7.4 
4 2 8.4 
8 4 10 
11 2 11 
22.6 3 13 
32 5 15 
45 4 17 
64 16 25 
90 32 41 
128 40 60.9 
180 33 77.2 
256 18 86.1 
512 13 92.6 
1024 14 99.5 
bedrock 1 100 
Total 202  
Size Class 
(mm) 
Number Cumulative 
Percent 
2 32 16 
2.8 2 17 
4 3 18 
5.6 6 21 
8 11 27 
11 3 28 
16 11 34 
22.6 7 37 
32 12 43 
45 7 47 
64 15 54.2 
90 15 61.7 
128 15 69.2 
180 17 77.6 
256 7 81.1 
512 15 88.6 
1024 18 97.5 
bedrock 5 100 
Total 201  
Table A1: XS2 pebble count data. 
 
 
Table A2: XS4 pebble count data. 
 
 
Table A3: XS6 pebble count data. 
 
 
Table A4: XS8 pebble count data. 
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Size Class 
(mm) 
Number Cumulative 
Percent 
2 15 7.9 
5.6 1 8.4 
8 4 11 
11 4 13 
16 5 15 
22.6 14 23 
32 17 32 
45 21 43 
64 39 63.2 
90 40 84.2 
128 23 96.3 
180 6 99.5 
256 1 100 
Total 190  
 
Large Wood Distribution and Persistence from Aerial Imagery 
 
Air photos in Google Earth from July 2013 and September 2016 indicate that the 
majority of large logs and jams in my study reach are stable. Of the logs identified from 
aerial imagery, 14 were stable, one moved downstream, and the position of eight could not 
be reliably compared between the two photos. Jams also seemed stable. Fifteen jams 
remained in place, two formed, and two could not be tracked through time. During this 
period, the peak discharge on the West Fork Bitterroot near Conner, MT and the Bitterroot 
River near Darby, MT had a recurrence interval of about five years (Montana Flood-
Frequency and Basin-Characteristic Data, 2018).  
 
The Ohio Slide and Large Wood Recruitment 
 
 The Ohio Slide, the avalanche slide path that abuts the upstream end of my study 
reach, dates to at least 1899 (Stauffer, 1976). An assessment of plant community 
composition suggests that the recurrence interval of avalanches at this site is ≤ 3 years, 
which limits conifer regrowth to the slide margins (Stauffer, 1976). Air photos in Google 
Earth from 1998 to 2016 support this claim (Figure A4). During this period, the slide path 
maintained its shape, although some trees were lost along the east margin. Because 
avalanches occur at the Ohio Slide with sufficient regularity to prevent significant forest 
regrowth, their ongoing role in instream large wood recruitment may be limited. 
 
Table A5: XS10 pebble count data. 
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Appendix B: Large Wood Inventory and Sediment Storage Analysis 
 
I measured and characterized 584 pieces of large wood including 41 jams (Table 
B1). I used a total station to survey the dimensions of two additional jams in the 
downstream subreach and the two channel-spanning jams. 
 I measured coarse sediment stored by seven pieces and seven small jams, fine 
sediment stored in association with two pieces and six small jams, and both coarse and fine 
sediment associated with the two channel-spanning jams (Table B1). For the majority of 
these features, a single sediment deposit was surveyed. Sediment stored by two small jams 
consisted of two coarse deposits. I quantified nine coarse and two fine deposits, and two 
coarse and three fine deposits associated with the downstream and upstream channel-
spanning jam, respectively. 
  
Figure A4: Lower half of Ohio Slide from National Agriculture Imagery Program (NAIP) 
air photos taken on (a) 30 June 2005 and (b) 22 June 2009. Note the loss of trees on the 
eastern margin. 
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Subreach Jam 
Number 
Piece 
Number(s) 
Feature 
Type  
Wood 
Volume 
(m3) 
Sediment 
Volume 
(m3) 
Storage 
Efficiency 
Sediment 
Type(s) 
downstream 1 1-11 small jam 1.895 1.78 0.939 coarse 
downstream NA 12 piece 0.067 0 0 NA 
downstream 2 13-20 small jam 3.186 0 0 NA 
downstream NA 21 piece 0.088 0 0 NA 
downstream 3 22-24 small jam 0.152 0.175 1.19 coarse 
downstream NA 25 piece 0.037 0 0 NA 
downstream NA 26 piece 0.018 0 0 NA 
downstream NA 27 piece 0.067 0 0 NA 
downstream NA 28 piece 0.062 0 0 NA 
downstream NA 29 piece 0.051 0.114 2.25 coarse 
downstream 4 30-32 small jam 0.906 0 0 NA 
downstream NA 33 piece 0.026 0 0 NA 
downstream 5 34, 36-38 small jam 0.172 0 0 NA 
downstream NA 39 piece 0.209 0 0 NA 
downstream NA 40 piece 0.148 0 0 NA 
downstream NA 41 piece 0.21 0 0 NA 
downstream NA 42 piece 0.071 0 0 NA 
downstream NA 43 piece 0.177 0 0 NA 
downstream NA 44 piece 0.069 0 0 NA 
downstream NA 45 piece 0.026 0 0 NA 
downstream NA 46 piece 0.019 0 0 NA 
downstream NA 47 piece 0.123 0 0 NA 
downstream 6 48-51 small jam 3.379 0 0 NA 
downstream NA 52 piece 0.120 0 0 NA 
downstream NA 53 piece 0.051 0 0 NA 
downstream NA 54 piece 0.027 0 0 NA 
downstream 7 55-59 small jam 0.963 0 0 NA 
downstream NA 60 piece 0.025 0 0 NA 
downstream NA 61 piece 0.033 0 0 NA 
downstream NA 62 piece 0.077 0 0 NA 
downstream NA 63 piece 0.058 0 0 NA 
downstream NA 64 piece 0.105 0 0 NA 
downstream 8 65-67 small jam 0.285 0 0 NA 
downstream NA 68 piece 0.033 0 0 NA 
downstream NA 69 piece 0.042 0 0 NA 
downstream NA 70 piece 0.013 0 0 NA 
downstream NA 71 piece 0.177 0 0 NA 
downstream NA 72 piece 0.029 0 0 NA 
downstream NA 73 piece 0.244 0 0 NA 
downstream NA 74 piece 0.118 0 0 NA 
downstream NA 75 piece 0.036 0 0 NA 
downstream NA 76 piece 0.017 0 0 NA 
downstream 9 77-79 small jam 0.570 0 0 NA 
downstream NA 80 piece 0.061 0 0 NA 
downstream NA 81 piece 0.021 0 0 NA 
downstream NA 82 piece 2.0 0 0 NA 
downstream NA 83 piece 0.048 0 0 NA 
Table B1: Wood and sediment volumes for all surveyed features. 
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downstream NA 84 piece 0.388 0 0 NA 
downstream NA 85 piece 0.076 0 0 NA 
downstream 10 86-88 small jam 1.398 0 0 NA 
downstream 11 89-91 small jam 0.458 0 0 NA 
downstream NA 92 piece 0.012 0 0 NA 
downstream NA 93 piece 0.028 0 0 NA 
downstream NA 94 piece 0.033 0 0 NA 
downstream NA 95 piece 0.037 0 0 NA 
downstream NA 96 piece 0.316 0 0 NA 
downstream NA 97 piece 0.051 0 0 NA 
downstream NA 98 piece 0.491 0 0 NA 
downstream NA 99 piece 0.136 0 0 NA 
downstream NA 100 piece 0.10 0 0 NA 
downstream NA 101 piece 1.306 0 0 NA 
downstream NA 102 piece 0.066 0 0 NA 
downstream NA 103 piece 0.029 0 0 NA 
downstream NA 104 piece 0.064 0 0 NA 
downstream NA 105 piece 0.354 0 0 NA 
downstream NA 106 piece 0.525 0 0 NA 
downstream NA 107 piece 0.036 0 0 NA 
downstream NA 108 piece 0.171 0 0 NA 
downstream NA 109 piece 0.034 0 0 NA 
downstream NA 110 piece 0.040 0 0 NA 
downstream NA 111 piece 0.045 0 0 NA 
downstream 12 112,114-121 small jam 1.445 0 0 NA 
downstream NA 113 piece 0.171 0 0 NA 
downstream 13 122-124 small jam 0.532 0 0 NA 
downstream 13.5 125-127 small jam 0.225 0 0 NA 
downstream 14 128-130 small jam 0.212 0 0 NA 
downstream NA 131 piece 0.521 0 0 NA 
downstream NA 132 piece 0.295 0 0 NA 
downstream NA 133 piece 0.25 0 0 NA 
downstream NA 134 piece 0.042 0 0 NA 
downstream 15 135-147 small jam 1.811 0.133 0.0735 coarse 
downstream NA 148 piece 0.495 0 0 NA 
downstream NA 149 piece 0.0202 0 0 NA 
downstream 16 150-155 small jam 0.407 0 0 NA 
downstream NA 156 piece 0.355 0 0 NA 
downstream 17 157-158+ small jam 9.28 1.60 0.172 coarse 
downstream 18 159-173 small jam 1.974 0 0 NA 
downstream NA 174 piece 0.202 0 0 NA 
downstream NA 175 piece 0.056 0 0 NA 
downstream NA 176 piece 0.017 0 0 NA 
downstream NA 177 piece 0.053 0 0 NA 
downstream NA 178 piece 0.034 0 0 NA 
downstream 19 179-182 small jam 0.514 0 0 NA 
downstream NA 183 piece 0.058 0 0 NA 
downstream NA 184 piece 0.049 0 0 NA 
downstream NA 185 piece 0.060 0 0 NA 
downstream NA 186 piece 0.199 0 0 NA 
downstream NA 187 piece 0.017 0 0 NA 
downstream NA 188 piece 0.051 0.035 0.69 coarse 
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downstream NA 189 piece 0.038 0 0 NA 
downstream NA 190 piece 0.140 0 0 NA 
downstream NA 191 piece 0.213 0 0 NA 
downstream NA 192 piece 0.762 0 0 NA 
downstream NA 193 piece 0.035 0 0 NA 
downstream NA 194 piece 0.021 0 0 NA 
downstream NA 195 piece 0.063 0 0 NA 
downstream NA 196 piece 0.015 0 0 NA 
downstream NA 197 piece 0.066 0 0 NA 
downstream NA 198 piece 0.080 0 0 NA 
downstream NA 199 piece 0.023 0 0 NA 
downstream NA 200 piece 0.035 0 0 NA 
downstream NA 201 piece 0.136 0 0 NA 
downstream NA 202 piece 0.209 0 0 NA 
downstream NA 203 piece 0.428 0 0 NA 
downstream NA 204 piece 0.087 0 0 NA 
downstream NA 205 piece 0.333 0 0 NA 
downstream NA 206 piece 0.412 0 0 NA 
downstream NA 207 piece 0.042 0.033 0.79 coarse 
downstream NA 208 piece 0.022 0 0 NA 
downstream NA 209 piece 0.173 0 0 NA 
downstream NA 210 piece 0.061 0 0 NA 
downstream 20 211-218, 223 small jam 2.602 0 0 NA 
downstream NA 219 piece 0.080 0.304 3.8 coarse 
downstream NA 220 piece 0.040 0 0 NA 
downstream NA 221 piece 0.339 0 0 NA 
downstream NA 222 piece 0.012 0 0 NA 
upstream NA 224 piece 0.061 0 0 NA 
upstream NA 225 piece 0.196 0 0 NA 
upstream NA 226 piece 0.112 0 0 NA 
upstream NA 227 piece 0.012 0 0 NA 
upstream 21 228-230, 233 small jam 0.878 0 0 NA 
upstream NA 232 piece 0.044 0 0 NA 
upstream NA 234 piece 0.256 0 0 NA 
upstream NA 235 piece 0.012 0 0 NA 
upstream NA 236 piece 0.567 0 0 NA 
upstream 22 237-248 small jam 0.593 0 0 NA 
upstream NA 249 piece 0.452 0 0 NA 
upstream NA 250 piece 0.11 0 0 NA 
upstream NA 251 piece 0.028 0 0 NA 
upstream NA 252 piece 0.092 0 0 NA 
upstream NA 253 piece 0.489 0 0 NA 
upstream NA 254 piece 0.075 0 0 NA 
upstream 23 255-257 small jam 0.103 0 0 NA 
upstream 24 258-267 small jam 1.035 0 0 NA 
upstream NA 268 piece 0.532 0 0 NA 
upstream NA 269 piece 0.064 0 0 NA 
upstream NA 277 piece 0.046 0 0 NA 
upstream NA 278 piece 0.071 0 0 NA 
upstream NA 279 piece 0.063 0 0 NA 
upstream NA 280 piece 0.008 0 0 NA 
upstream NA 281 piece 1.675 0 0 NA 
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upstream 25 282-286, 288-
291 
small jam 0.570 0 0 NA 
upstream NA 287 piece 0.029 0 0 NA 
upstream NA 292 piece 0.031 0 0 NA 
upstream NA 293 piece 0.032 0 0 NA 
upstream NA 294 piece 0.019 0 0 NA 
upstream NA 295 piece 0.048 0 0 NA 
upstream NA 296 piece 1.158 0 0 NA 
upstream 26 297-299 small jam 0.366 0 0 NA 
upstream NA 300 piece 0.040 0 0 NA 
upstream NA 301 piece 0.014 0 0 NA 
upstream NA 302 piece 0.271 0.442 1.62 coarse 
upstream NA 303 piece 0.016 0 0 NA 
upstream 27 304-305, 307 small jam 0.187 0 0 NA 
upstream NA 306 piece 0.027 0 0 NA 
upstream NA 308 piece 0.067 0 0 NA 
upstream NA 309 piece 0.072 0 0 NA 
upstream NA 310 piece 0.099 0 0 NA 
upstream NA 311 piece 0.055 0 0 NA 
upstream NA 312 piece 0.085 0 0 NA 
upstream NA 313 piece 0.084 0 0 NA 
upstream NA 314 piece 0.039 0 0 NA 
upstream NA 315 piece 0.166 0 0 NA 
upstream NA 316 piece 0.087 0 0 NA 
upstream NA 317 piece 0.071 0 0 NA 
upstream NA 318 piece 0.012 0 0 NA 
upstream NA 319 piece 1.842 0 0 NA 
upstream NA 320 piece 0.704 0 0 NA 
upstream NA 321 piece 0.021 0 0 NA 
upstream 28 322-327 small jam 1.931 1.71 0.884 fine 
upstream NA 328 piece 0.097 0 0 NA 
upstream NA 329 piece 0.014 0 0 NA 
upstream NA 330 piece 0.028 0 0 NA 
upstream 29 331-336 small jam 0.364 0.756 2.08 coarse 
upstream NA 337 piece 0.085 0 0 NA 
upstream NA 338 piece 0.041 0 0 NA 
upstream NA 339 piece 0.016 0 0 NA 
upstream NA 340 piece 0.023 0 0 NA 
upstream NA 341 piece 0.088 0.654 7.4 coarse 
upstream NA 342 piece 0.164 0 0 NA 
upstream NA 343 piece 0.062 0.434 6.9 fine 
upstream NA 344 piece 0.041 0 0 NA 
upstream NA 345 piece 0.021 0 0 NA 
upstream NA 346 piece 0.071 0 0 NA 
upstream NA 347 piece 0.020 0 0 NA 
upstream NA 348 piece 0.017 0 0 NA 
upstream 30 349-354 small jam 0.263 1.82 6.93 fine 
upstream NA 355 piece 0.128 0 0 NA 
upstream NA 356 piece 0.041 0 0 NA 
upstream 31 357, 359-387 small jam 5.256 0 0 NA 
upstream 31.5 388-392 small jam 0.922 0 0 NA 
upstream NA 393 piece 0.085 0 0 NA 
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upstream 32 394, 396-397, 
399-403 
small jam 0.686 0 0 NA 
upstream NA 395 piece 0.214 0 0 NA 
upstream NA 398 piece 0.019 0 0 NA 
upstream NA 404 piece 0.023 0 0 NA 
upstream NA 405 piece 0.012 0 0 NA 
upstream NA 406 piece 0.096 0 0 NA 
upstream NA 407 piece 0.030 0 0 NA 
upstream NA 408 piece 0.073 0 0 NA 
upstream NA 409 piece 0.019 0 0 NA 
upstream NA 410 piece 0.018 0 0 NA 
upstream NA 411 piece 0.090 1.041 12 fine 
upstream NA 412 piece 0.018 0 0 NA 
upstream NA 413 piece 0.019 0 0 NA 
upstream 33 414-438 small jam 2.597 3.57 1.37 fine 
upstream NA 439 piece 0.060 0 0 NA 
upstream NA 440 piece 0.554 0 0 NA 
upstream NA 441 piece 0.032 0.845 26 coarse 
upstream NA 442 piece 0.028 0 0 NA 
upstream NA 443 piece 0.012 0 0 NA 
upstream NA 444 piece 0.061 0 0 NA 
upstream NA 445 piece 0.056 0 0 NA 
upstream NA 446 piece 0.027 0 0 NA 
upstream NA 447 piece 0.019 0 0 NA 
upstream NA 448 piece 0.073 0 0 NA 
upstream NA 449 piece 0.014 0 0 NA 
upstream NA 450 piece 0.028 0 0 NA 
upstream NA 451 piece 0.014 0 0 NA 
upstream NA 452 piece 0.090 0 0 NA 
upstream 34 453-458 small jam 1.310 1.04 0.793 fine 
upstream NA 459 piece 0.042 0 0 NA 
upstream NA 460 piece 0.075 0 0 NA 
upstream NA 461 piece 0.053 0 0 NA 
upstream NA 462 piece 0.123 0 0 NA 
upstream NA 463 piece 0.036 0 0 NA 
upstream NA 464 piece 0.042 0 0 NA 
upstream NA 465 piece 0.064 0 0 NA 
upstream NA 466 piece 0.048 0 0 NA 
upstream NA 467 piece 0.095 0 0 NA 
upstream 35 468-470 small jam 0.136 0 0 NA 
upstream NA 471 piece 0.038 0 0 NA 
upstream 36 472-481 small jam 1.118 0.151 0.135 fine 
upstream 37 482-484 small jam 0.075 0 0 NA 
upstream NA 485 piece 0.087 0 0 NA 
upstream 41 486-495, 497-
510, 512, 
514-515, 517-
520, 526-
555+ 
channel-
spanning 
jam 
54.27 18.696 0.3445 
 
both 
upstream NA 496 piece 0.277 0 0 NA 
upstream NA 511 piece 0.020 0 0 NA 
upstream NA 513 piece 0.164 0 0 NA 
upstream NA 516 piece 0.012 0 0 NA 
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upstream 40 521-524+ small jam 19.56 11.3 0.577 coarse 
upstream NA 525 piece 0.318 0 0 NA 
upstream 42 556-558 small jam 0.199 0 0 NA 
upstream NA 559 piece 0.766 0 0 NA 
upstream NA 560 piece 0.045 0 0 NA 
upstream NA 561 piece 0.081 0 0 NA 
upstream NA 562 piece 0.052 0 0 NA 
upstream 43 563-565 small jam 0.132 0.797 6.03 fine 
upstream NA 566 piece 0.015 0 0 NA 
upstream 44 568, 570-572 small jam 0.289 0.050 0.17 coarse 
upstream NA 569 piece 0.059 0 0 NA 
upstream 45 573-576, 583-
591, 595+ 
channel-
spanning 
jam 
57.976 74.602 1.2868 both 
upstream NA 577 piece 0.022 0 0 NA 
upstream NA 578 piece 0.063 0 0 NA 
upstream NA 579 piece 0.253 0 0 NA 
upstream NA 580 piece 0.329 0 0 NA 
upstream NA 581 piece 0.462 0 0 NA 
upstream NA 582 piece 0.053 0 0 NA 
upstream NA 592 piece 0.050 0 0 NA 
upstream NA 593 piece 0.041 0 0 NA 
upstream NA 594 piece 0.174 0 0 NA 
 
 Pieces Small Jams Channel-
Spanning Jams 
Mean 0.27 0.50 0.82 
Median 0 0 0.82 
SD 2.0 1.4 0.67 
 
Table B2: Comparison of reach-scale sediment storage efficiency (volume of 
sediment/volume of wood in piece or jam) by large wood feature. 
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Appendix C: Streamflow 
 
Field Measurements of Stage and Discharge 
 
I developed separate stage-discharge relations for the downstream and upstream 
pressure transducers using field measurements in 2017 and 2018 (Figure C1). To verify 
that pressure transducers were installed in approximately the same location each year and 
to reconcile any differences in position, I took GPS measurements of the transducer after 
each reinstallation and surveyed its position within the channel cross section at least once 
per year. I fit linear, logarithmic, and power functions to the data, and found that a power 
function provided the best fit for both downstream and upstream data. 
Figure B1: Sediment stored by wood in the study reach. Not all deposits are visible at 
this scale. 
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The downstream stage-discharge relation produces higher discharge estimates in 
2017 and the upstream stage-discharge relation produces slightly higher estimates in 2018 
(Figure C2). The discharge in relation to upstream stage was systematically higher in 2017 
(Figure C1). As such, the upstream stage-discharge relation likely underestimates the 
discharge in 2017 and overestimates it in 2018. This observation and the incomplete stage 
records in 2017 make it difficult to compare peak discharges between years based on field 
measurements alone. 
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Figure C1: (a) Downstream and (b) upstream stage-discharge relations. The equations 
for downstream and upstream stage are 𝑄 = 54.503ℎ2.3092 𝑅2 = 0.99 and =
7.0649ℎ5.6532 𝑅2 = 0.91, respectively.  
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Figure C2: (a) 2017 and (b) 2018 discharge estimates from the downstream and 
upstream stage-discharge relations. The downstream pressure transducer recorded a 
peak discharge of 27.0 m3/s on 13 June 2017 and 33.8 m3/s on 26 May 2018 and the 
upstream pressure transducer recorded a peak discharge of 27.3 m3/s on 31 May 2017 
and 38.5 m3/s on 26 May 2018.  
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Regional Streamflow and SNOTEL Data 
 
USGS gage records for the Bitterroot River near Darby, MT and the West Fork 
Bitterroot River near Conner, MT, indicate that the 2017 and 2018 peak discharge had a 
recurrence interval of just over 2 and 5 years, respectively (Montana Flood-Frequency and 
Basin-Characteristic Data, 2018). The drainage area of the study site is two orders of 
magnitude less than that of the gage site near Darby, MT and one order of magnitude less 
than the drainage area of the West Fork site. In addition, the study site is ~450 and 250 m 
higher than the mainstem and West Fork site, respectively. Because of the associated 
differences in climate and streamflow generation, snowmelt likely has a greater influence 
on discharge at Lost Horse Creek. 
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Figure C3: Unit area discharge of Lost Horse Creek and Bitterroot River during the (a) 
2017 and (b) 2018 snowmelt-runoff periods. Lost Horse Creek discharge estimated with 
the downstream stage-discharge relation. 
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Streamflow estimates are consistently greater than the values from a regional 
regression relation (Tables C1 and D3). The bankfull discharge falls within the 90% 
prediction intervals for the Q1.5 to Q100 discharges, and the 2017 and 2018 peak flows are 
within the ranges of the Q5 to Q100 and Q10 to Q100 discharges, respectively. 
 
Discharge Recurrence Interval 
(years) 
Value 
(m3/s) 
90% Prediction Interval 
Minimum Maximum 
Q1.5 1.5 9.34 
 
3.74 23.4 
Q2 2 10.6 4.39 25.7 
Q5 5 13.9 6.03 32.3 
Q10 10 16.9 7.33 38.8 
Q100 100 23.7 10.9 56.9 
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Figure C4: Snow water equivalent (SWE) during winter and spring 2017 and 2018 at the 
Twelvemile (1707 m) and Twin Lakes (1951 m) SNOTEL sites. 
 
 
 
 
Table C1: Discharge estimates from USGS regional regression relations (StreamStats, 
2017). 
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Appendix D: Modeling of Hydraulics and Sediment Transport 
 
HEC-RAS Modeling 
 
Attribute Description 
Channel 
Planform 
 
 11 surveyed cross sections extended with LiDAR-based DEM 
 Estimated distance between cross sections by measuring along channel 
centerline in ArcGIS 
 Defined channel and overbank areas by bankfull channel elevation 
 Estimated distance between adjacent overbank areas by measuring 
along channel edge in ArcGIS 
Channel 
and 
Floodplain 
Geometry 
 Interpolated cross sections every ~20 m, except between XS1 and XS2 
where interpolated every ~11 m to maintain subcritical flow throughout 
reach (averaged hydraulic metrics of adjacent, interpolated cross 
sections between XS1 and XS2 before calculating reach- and subreach-
averages) 
Estimating 
Channel 
Roughness 
 Selection of roughness values informed by field-based estimates (Table 
D2) 
 Varied Manning’s n for channel from 0.07 to 0.2 for a given flow and for 
individual cross sections 
 Assigned same values for channel to overbank areas 
Steady 
Flow Data 
 
 Modeled discharges included summer baseflow, snowmelt recession, 
Qbkf, 2017 peak flow, and 2018 peak flow (Table D3, Figure D1) 
 Initially ran a subcritical flow analysis. Then, ran a mixed flow analysis 
when critical or subcritical flows were indicated  
 Used both the observed/estimated water surface elevation and local bed 
slope (normal depth option) as a boundary condition 
Final 
Model 
Selection 
 Varied Manning’s n until modeled water surface profile closely matched 
observed elevations at summer baseflow and snowmelt recession 
 Assumed Manning’s n at flows ≥ Qbkf remained same as for snowmelt 
recession discharge. Then, varied flow until modeled water surface 
seemed to match the observed water surface 
 
  
Table D1: Summary of HEC-RAS model development. 
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Method Estimate Notes 
Back-
Calculation 
(Qfield)1 
0.077 – 
0.17 
Back-calculated at each cross section from channel 
dimensions, local water surface slope, and discharge during 
field survey. Majority of estimates for baseflow and 
unreasonably large (>0.2).  
Strickler 
Relation2 0.0300 
Reach-average. Accounts only for roughness due to grains. 
Lower bound. 
Gordon et 
al. (2004) 
0.04 – 
0.05 
Median for mountain streams with gravel, cobbles, and a few 
boulders (upstream) and for streams with cobble and boulder 
bed (downstream) 
Cowan 
(1956) 0.100625 
0.03 (low-end base value for cobble-bed streams) + 0.01 
(moderate surface irregularity - sloping) + 0.005 (variation in 
channel cross section - alternating occasionally) + 0.025 
(median of appreciable effect of obstructions including debris 
deposits, roots, and boulders - 15-50% of bed area) + 0.0175 
(median of vegetation – medium (brush, none in stream bed)). 
Multiplicative factors (m = 1.15 for appreciable sinuosity – 1-
1.2 – 1.5).  
 
Table D2: Estimates of Manning’s n. Select calculations are listed below. 
 
1𝑄 =  
𝑅
2/3
𝑆
1/2
𝐴
𝑛  
𝑛 =  
𝑅
2/3
𝑆
1/2
𝐴
𝑄  
𝑄: discharge 
𝐴: flow area 
𝑅: hydraulic radius 
𝑆: channel slope 
 
XS1 
𝑄 = 4.48 𝑚2/𝑠  
𝐴 = 4.47 𝑚2  
𝑅 = 0.386  
𝑆 = 0.21 (local water surface slope) 
𝑛 =  
0.386
2/3
0.21
1/2
4.47
4.48 = 0.077 
 
XS8 
𝑄 = 0.2 𝑚2/𝑠  
𝐴 = 4.47 𝑚2  
𝑅 = 0.386  
𝑆 = 0.21 (local water surface slope) 
𝑛 =  
0.386
2/3
0.21
1/2
4.47
4.48 = 0.17 
2𝑛 = 0.047𝐷50
1/6
  
𝐷50: median particle diameter 
 
XS10 
𝐷50 = 0.0511 𝑚 
𝑛 = 0.047(0.0511)1/6 = 0.0289  
 
XS2 
𝐷50 = 0.105 𝑚 
𝑛 = 0.047(0.105)1/6 = 0.0326  
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Discharge Value 
(m3/s) 
Recurrence 
Interval 
(yrs) 
Method of 
Estimating 
Notes 
Summer 
Baseflow 
0.2 
 
<1 Upstream 
Stage-
Discharge 
Relation 
Average discharge 1 August 2017 
11:00 to 3 August 2017 17:00. 
Consistent with measured discharge 
of 0.239 m3/s (statistical uncertainty 
7.5%) and 0.1479 m3/s (3.9%) on 1 
August 2017 and on 10 August 2017, 
respectively. 
Snowmelt 
Recession 
3.84 <1 Direct 
Measurement 
with ADV 
Statistical uncertainty 4.0%. 
Downstream and upstream stage-
discharge relations suggest that 
discharge fluctuated an average of 0.1 
and 0.2 m3/s during water surface 
profile survey.   
Qbkf 12 1-2 Downstream 
and 
Upstream 
Stage-
Discharge 
Relations and 
Manning’s 
Equation 
Estimated bankfull stage from cross 
section survey and entered into 
downstream and upstream stage-
discharge relations (Appendix D 
Determining Flow Competence). Also 
calculated discharge using Manning’s 
equation. Back-calculated Manning’s n 
at bankfull flow from discharge and 
channel dimensions at XS1 during 
second largest flow measured with 
ADV (Table D2). Entered resulting 
estimate, bankfull channel 
dimensions, and local water surface 
slope from field surveys into 
discharge form of Manning’s equation. 
Revised discharge estimate after 
determined that n = 0.085 maximized 
agreement between modeled and 
predicted water surface elevation.  
2017 
Peak  
(31 May) 
32 2-5 Downstream 
Stage-
Discharge 
Relation 
Upstream pressure transducer 
recorded highest stage on 31 May 
2017. Downstream transducer 
installed 5 June 2017. Estimated 
discharge with downstream stage-
discharge relation by assuming 
difference in stage between 31 May 
Table D3: Discharges modeled in HEC-RAS. 
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and second largest peak on 13 June 
matched that of upstream stage. 
2018 
Peak  
(26 May) 
34 5-10 Downstream 
Stage-
Discharge 
Relation 
 
 
Using the approach summarized in Table D1, I was able to model the 
observed/predicted water surface at baseflow, snowmelt-recession, and bankfull (Figure 
D1, Table D4). Even with the use of a single reach-average Manning’s n value to describe 
both the channel and overbank roughness, the model had a reasonably high RMSE for these 
flows. The modeled bankfull discharge is lower than predicted by either stage-discharge 
relation, but consistent with the discharge estimated with Manning’s equation (Table D3). 
This suggests that the estimated 2017 and 2018 peak flows, for which I only have two 
measurements for model assessment, represent an upper limit for the actual flow. 
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Figure D1: Modeled water surface profiles. When available, the observed or anticipated 
water surface is indicated. Interpolated cross sections displayed as grey dots. 
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Discharge Manning’s 
n 
RMSE1 Data Source for Water Surface (WS) Elevations for 
Model Verification 
Summer 
Baseflow 
0.2 0.11 Observed WS at all surveyed cross sections except 
XS9 
Snowmelt 
Recession 
0.085 0.12 Stage at downstream pressure transducer and 
observed WS XS4-XS11 except XS9 
Qbkf 0.085 0.16 Bankfull estimates at each surveyed cross section 
2017 Peak 0.085 0.13 Stage at upstream and downstream pressure 
transducers (Table C4) 
2018 Peak  0.085 0.14 stage at upstream and downstream pressure 
transducers 
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Table D4: Assessment of final HEC-RAS models. 
 
 
1Root-mean-square error 
 
Figure D2: Channel velocity versus distance upstream for all modeled discharges. The 
velocity is higher in the downstream subreach (0 - 354 m) and is lowest at XS9 (559 m). 
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Figure D3: Total flow area versus distance upstream for all modeled discharges. The 
flow area is larger in the upstream subreach (354 – 715 m) and is highest at XS9 (559 
m). 
 
 
 
 
 
Figure D4: Total flow width versus distance upstream for all modeled discharges. The 
flow width is larger in the upstream subreach (354 – 715 m) and is highest at XS9 (559 
m). 
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Figure D5: Channel depth versus distance upstream for all modeled discharges. The flow 
depth is higher in the downstream subreach (0 - 354 m) and is lowest at XS9 (559 m). 
 
 
 
 
 
 
Figure D6: Channel Froude number versus distance upstream for all modeled 
discharges. The Froude number is higher in the downstream subreach (0 - 354 m) and is 
lowest at XS9 (559 m). 
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Figure D7: Channel shear stress versus distance upstream for all modeled discharges. 
The shear stress is higher in the downstream subreach (0 - 354 m) and is lowest at XS9 
(559 m). 
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Discharge  EG 
Slope1 
Vel 
Chnl 
(m/s)2 
Vel 
Total 
(m/s)2 
Area 
Chnl 
(m2) 
Area 
Total 
(m2) 
Width 
Chnl 
(m) 
Width 
Total 
(m) 
Depth 
Chnl 
(m) 
Depth 
Total 
(m) 
Fr # 
Chnl3 
Fr # 
Total3 
Shear 
Chnl 
(N/m2) 
Shear 
Total 
(N/m2) 
Summer 
Baseflow 
Reach 0.023 0.19 0.19 1.0 1.1 7.3 8.2 0.15 0.15 0.16 0.16 29 29 
Downstream 0.035 0.22 0.22 0.93 0.95 7.7 7.9 0.13 0.13 0.20 0.20 38 38 
Upstream 0.012 0.16 0.16 1.2 1.4 7.0 8.5 0.17 0.17 0.12 0.12 20 20 
Snowmelt 
Recession 
Reach 0.023 0.79 0.76 4.6 5.7 14 21 0.36 0.30 0.43 0.45 69 64 
Downstream 0.034 0.96 0.95 4.0 4.1 13 13 0.33 0.32 0.55 0.55 98 97 
Upstream 0.012 0.61 0.55 5.1 7.4 15 28 0.38 0.28 0.32 0.36 39 30 
Bankfull Reach 0.022 1.1 1.0 9.1 14 16 38 0.60 0.57 0.47 0.50 120 100 
Downstream 0.034 1.4 1.4 8.4 8.8 15 16 0.57 0.54 0.60 0.60 170 170 
Upstream 0.010 0.81 0.65 9.8 19.6 17 61 0.63 0.60 0.33 0.39 57 33 
2017 
Peak 
Reach 0.022 1.5 1.3 15 31 17 63 0.98 0.63 0.49 0.56 190 140 
Downstream 0.034 2.0 2.0 15 17 15 22 1.00 0.79 0.66 0.73 310 250 
Upstream 0.0088 0.98 0.71 16 47 19 110 0.94 0.46 0.33 0.38 73 37 
2018 
Peak 
Reach 0.022 1.6 1.4 16 33 17 65 1.0 0.64 0.50 0.56 200 150 
Downstream 0.034 2.1 2.0 16 17 15 23 1.0 0.79 0.66 0.75 320 250 
Upstream 0.0087 0.99 0.71 16 49 19 110 0.97 0.47 0.33 0.38 74 37 
 
 
XS Discharge Model 
WSE 
(m)1 
Obs 
WSE 
(m)1 
EG 
Slope2 
Vel 
Chnl 
(m/s)3 
Vel 
Total 
(m/s)3 
Area 
Chnl 
(m2) 
Area 
Total 
(m2) 
Width 
Chnl 
(m) 
Width 
Total 
(m) 
Depth 
Chnl 
(m) 
Depth 
Total 
(m) 
Fr # 
Chnl4 
Fr # 
Total4 
Shear 
Chnl 
(N/m2) 
Shear 
Total 
(N/m2) 
11 baseflow 1658.04 1658.01 0.0072 0.12 0.12 1.3 1.7 8.4 12 0.15 0.15 0.10 0.10 11 10 
11 snowmelt 1658.4 1658.17 0.0048 0.48 0.34 4.3 11 9.0 54 0.48 0.21 0.22 0.28 21 10 
Table D5: Reach and subreach hydraulic metrics from HEC-RAS modeling of baseflow (0.2 m3/s), snowmelt recession (3.84 
m3/s), bankfull discharge (12 m3/s), 2017 peak flow (32 m3/s), and 2018 peak flow (34 m3/s). 
 
 
1Energy grade slope 
 
 
 
 
2Velocity channel/total 
 
 
 
 
3Froude number channel/total 
 
 Table D6: At-a-station hydraulic metrics from HEC-RAS modeling of baseflow (0.2 m3/s), snowmelt recession (3.84 m3/s), 
bankfull discharge (12 m3/s), 2017 peak flow (32 m3/s), and 2018 peak flow (34 m3/s). Data for interpolated cross sections 
are not included. 
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11 bankfull 1658.66 1658.6 0.0037 0.51 0.36 7.0 33 11 110 0.63 0.31 0.21 0.23 22 11 
11 2017 peak 1658.91 1658.75 0.0046 0.71 0.51 9.7 62 11 130 0.88 0.49 0.24 0.25 38 22 
11 2018 peak 1658.92 1658.76 0.0047 0.72 0.53 9.9 65 11 130 0.89 0.51 0.24 0.25 39 23 
10 baseflow 1657.34 1657.43 0.010 0.13 0.13 0.92 1.5 6.8 12 0.13 0.13 0.11 0.12 13 12 
10 snowmelt 1657.66 1657.75 0.0099 0.56 0.49 4.0 7.9 12 30 0.34 0.26 0.31 0.32 32 25 
10 bankfull 1657.92 1658.09 0.012 0.84 0.67 7.1 18 13 53 0.56 0.34 0.36 0.39 61 38 
10 2017 peak 1658.18  0.015 1.1 0.82 11 39 15 110 0.74 0.35 0.42 0.48 100 50 
10 2018 peak 1658.2  
0.015 1.2 0.82 11 41 15 120 0.76 0.35 0.43 0.49 110 52 
9 baseflow 1656.17  
0.0038 0.10 0.09 1.5 2.2 7.7 13 0.19 0.17 0.07 0.07 6.4 5.8 
9 snowmelt 1656.5 1657.34 0.0052 0.34 0.35 6.7 11 25 41 0.27 0.27 0.21 0.22 13 13 
9 bankfull 1656.77 1656.92 0.0057 0.50 0.46 14 26 32 71 0.45 0.36 0.23 0.25 23 19 
9 2017 peak 1657.09  0.0055 0.59 0.53 27 60 45 130 0.60 0.46 0.24 0.26 30 24 
9 2018 peak 1657.11  
0.0054 0.60 0.54 28 63 45 130 0.62 0.47 0.24 0.25 31 24 
8 baseflow 1655.55 1655.55 0.0057 0.11 0.11 1.0 1.8 6.7 11 0.15 0.16 0.09 0.09 8.3 8.9 
8 snowmelt 1655.96 1655.96 0.0046 0.46 0.4 4.2 9.6 9.2 32 0.46 0.30 0.22 0.24 20 13 
8 bankfull 1656.26 1656.02 0.0053 0.68 0.53 7.1 23 9.6 59 0.74 0.38 0.25 0.29 37 20 
8 2017 peak 1656.59  0.0057 0.90 0.65 10 49 9.6 92 1.1 0.53 0.28 0.31 57 29 
8 2018 peak 1656.62  
0.0056 0.91 0.66 11 52 9.6 97 1.1 0.54 0.28 0.30 57 29 
7 baseflow 1654.84 1654.89 0.012 0.17 0.17 1.2 1.2 6.9 6.9 0.17 0.17 0.13 0.13 20 20 
7 snowmelt 1655.29 1655.29 0.0087 0.66 0.59 5.0 6.5 10 20 0.48 0.32 0.31 0.35 40 27 
7 bankfull 1655.67 1655.44 0.0070 0.82 0.6 9.5 20 12 58 0.77 0.34 0.30 0.38 52 23 
7 2017 peak 1656.09  0.0044 0.87 0.6 15 54 12 94 1.2 0.57 0.25 0.28 51 25 
7 2018 peak 1656.12  
0.0043 0.87 0.6 15 57 12 95 1.2 0.60 0.25 0.28 51 25 
6 baseflow 1653.96 1653.96 0.023 0.21 0.21 1.0 1.0 6.3 6.3 0.15 0.15 0.17 0.17 33 33 
6 snowmelt 1654.35 1654.51 0.026 0.96 0.96 4.0 4.0 11 11 0.38 0.38 0.50 0.50 91 91 
6 bankfull 1654.75 1654.71 0.024 1.4 1.4 8.6 8.6 12 12 0.72 0.71 0.53 0.53 160 160 
6 2017 peak 1655.3  0.025 2.1 1.96 15 16 12 19 1.3 0.87 0.58 0.70 290 200 
6 2018 peak 1655.35  
0.025 2.1 1.98 16 17 12 20 1.3 0.87 0.59 0.72 300 200 
5 baseflow 1652.21 1652.43 0.016 0.20 0.20 1.0 1.0 5.4 5.4 0.18 0.18 0.15 0.15 28 28 
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5 snowmelt 1652.66 1652.58 0.017 0.88 0.88 4.3 4.3 9.1 9.1 0.48 0.48 0.41 0.41 73 73 
5 bankfull 1653.1 1653.2 0.022 1.3 1.3 9.4 9.4 13 13 0.70 0.70 0.49 0.49 140 140 
5 2017 peak 1653.62  0.023 1.9 1.8 17 17 14 18 1.2 0.98 0.55 0.61 250 210 
5 2018 peak 1653.66  
0.023 2.0 1.9 17 18 14 18 1.3 1.0 0.56 0.62 260 210 
4 baseflow 1650.89 1651.07 0.037 0.22 0.22 0.92 0.92 8.3 8.3 0.11 0.11 0.21 0.21 39 39 
4 snowmelt 1651.15 1651.07 0.041 0.96 0.96 4.0 4.0 14 14 0.28 0.28 0.59 0.59 100 104 
4 bankfull 1651.42 1651.67 0.044 1.4 1.4 8.5 8.5 18 18 0.48 0.48 0.66 0.66 190 190 
4 2017 peak 1651.8  0.043 2.1 2.0 15 16 18 28 0.85 0.58 0.71 0.86 330 230 
4 2018 peak 1651.83  
0.043 2.1 2.0 16 17 18 31 0.88 0.56 0.71 0.89 340 220 
3 baseflow 1647.75 1647.79 0.036 0.23 0.23 0.87 0.87 6.6 6.6 0.13 0.13 0.20 0.20 42 42 
3 snowmelt 1648.06  
0.038 0.98 0.98 3.9 3.9 13 13 0.30 0.30 0.57 0.57 100 100 
3 bankfull 1648.34 1648.18 0.040 1.5 1.5 7.8 7.8 14 14 0.58 0.55 0.65 0.66 210 200 
3 2017 peak 1648.78  0.041 2.3 2.2 14 14 14 16 1.0 0.90 0.73 0.76 380 330 
3 2018 peak 1648.81  
0.041 2.3 2.3 14 15 14 16 1.0 0.93 0.73 0.76 390 350 
2 baseflow 1645.2 1645.26 0.044 0.21 0.21 0.96 0.96 11 11 0.09 0.09 0.22 0.22 38 38 
2 snowmelt 1645.42  
0.039 0.95 0.95 4.0 4.0 15 15 0.27 0.27 0.59 0.59 100 100 
2 bankfull 1645.7 1645.81 0.038 1.4 1.4 8.7 8.7 18 18 0.49 0.49 0.63 0.63 180 180 
2 2017 peak 1646.09  0.036 2.0 2.0 16 16 18 21 0.87 0.79 0.68 0.71 300 270 
2 2018 peak 1646.12  
0.036 2.0 2.0 16 17 18 21 0.90 0.81 0.69 0.72 310 280 
1 baseflow 1642.23 1642.36 0.021 0.16 0.17 0.90 1.2 8.3 11 0.11 0.11 0.16 0.16 22 23 
1 snowmelt 1642.52 1642.59 0.021 0.85 0.76 3.3 5.1 9.2 18 0.36 0.29 0.45 0.47 72 57 
1 bankfull 1642.82 1642.94 0.021 1.1 1.0 6.7 12 12 25 0.55 0.47 0.48 0.48 110 93 
1 2017 peak 1643.21 1643.13 0.021 1.6 1.4 12 23 12 39 0.92 0.60 0.52 0.58 180 120 
1 2018 peak 1643.26 1643.15 0.021 1.6 1.3 12 25 12 42 0.97 0.60 0.52 0.59 190 120 
 
 
 
1Modeled/observed water surface 
elevation 
 
 
 
 
2Energy grade slope 
 
 
 
3Velocity channel/total 
 
 
 
4Froude number channel/total 
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XS Model 
WSE 
(m)1 
Obs 
WSE 
(m)1 
EG 
Slope2 
Vel 
Chnl 
(m/s)3 
Vel 
Total 
(m/s)3 
Area 
Chnl 
(m2) 
Area 
Total 
(m2) 
Width 
Chnl 
(m) 
Width 
Total 
(m) 
Depth 
Chnl 
(m) 
Depth 
Total 
(m) 
Fr # 
Chnl4 
Fr # 
Total4 
Shear 
Chnl 
(N/m2) 
Shear 
Total 
(N/m2) 
11 1658.66 1658.6 0.0037 0.51 0.36 7.0 33 11 107 0.63 0.31 0.21 0.23 22 11 
10.750* 1658.55 
 
0.0080 0.78 0.52 7.9 23 12 106 0.66 0.22 0.31 0.42 50 17 
10.500* 1658.37 
 
0.011 0.87 0.58 8.0 21 13 87 0.63 0.24 0.35 0.46 63 25 
10.250* 1658.14  0.013 0.92 0.68 7.6 18 13 64 0.60 0.28 0.38 0.47 72 34 
10 1657.92 1658.09 0.012 0.84 0.67 7.1 18 13 53 0.56 0.34 0.36 0.39 61 38 
9.7500* 1657.67 
 
0.014 0.82 0.65 10 19 22 73 0.46 0.25 0.38 0.46 62 35 
9.5000* 1657.37 
 
0.016 0.79 0.68 12 18 29 78 0.40 0.23 0.40 0.49 61 36 
9.2500* 1656.95 
 
0.026 0.90 0.86 9.4 14 27 48 0.35 0.29 0.49 0.51 84 72 
9 1656.77 1656.92 0.0057 0.50 0.46 14 26 32 71 0.45 0.36 0.23 0.25 23 19 
8.7500* 1656.64 
 
0.0077 0.56 0.52 15 23 34 65 0.42 0.36 0.27 0.28 30 26 
8.5000* 1656.5 
 
0.0075 0.62 0.57 14 21 28 56 0.50 0.38 0.28 0.30 35 27 
8.2500* 1656.36 
 
0.0065 0.67 0.60 12 20 19 45 0.62 0.45 0.27 0.29 38 28 
8 1656.26 1656.02 0.0053 0.68 0.53 7.1 23 10 59 0.74 0.38 0.25 0.29 37 20 
7.7500* 1656.13  0.0067 0.79 0.56 7.9 21 10 57 0.77 0.38 0.29 0.33 49 24 
7.5000* 1655.98 
 
0.0088 0.91 0.64 8.4 19 11 56 0.77 0.34 0.33 0.42 65 29 
7.2500* 1655.81 
 
0.0095 0.94 0.69 8.7 17 12 50 0.75 0.34 0.34 0.44 69 32 
7 1655.67 1655.44 0.0070 0.82 0.60 9.5 20 12 58 0.77 0.34 0.30 0.38 52 23 
6.7500* 1655.52 
 
0.0088 0.95 0.75 10 16 12 40 0.83 0.40 0.34 0.44 69 34 
6.5000* 1655.33  0.012 1.1 0.96 10 13 12 29 0.85 0.43 0.38 0.52 92 47 
6.2500* 1655.09 
 
0.014 1.2 1.2 10 10 12 17 0.83 0.62 0.42 0.48 110 83 
6 1654.75 1654.71 0.024 1.4 1.4 8.6 8.6 12 12 0.72 0.71 0.53 0.53 160 160 
5.7500* 1654.33 
 
0.024 1.4 1.4 8.7 8.7 12 12 0.70 0.70 0.53 0.53 160 160 
5.5000* 1653.91 
 
0.024 1.4 1.4 8.8 8.8 13 13 0.69 0.69 0.52 0.52 150 150 
5.2500* 1653.5  0.024 1.3 1.3 9.0 9.0 13 13 0.68 0.68 0.52 0.52 150 150 
Table D7: At-a-station hydraulic metrics from HEC-RAS modeling of bankfull discharge (12 m3/s). Interpolated cross 
sections indicated with an asterisk. 
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5 1653.1 1653.2 0.022 1.3 1.3 9.4 9.4 13 13 0.70 0.70 0.49 0.49 135 140 
4.7500* 1652.71 
 
0.022 1.3 1.3 9.6 9.6 15 15 0.66 0.66 0.49 0.49 130 130 
4.5000* 1652.31 
 
0.022 1.2 1.2 9.8 9.8 16 16 0.63 0.63 0.49 0.49 130 130 
4.2500* 1651.95 
 
0.018 1.1 1.1 11 11 17 17 0.64 0.64 0.45 0.45 110 110 
4 1651.42 1651.67 0.044 1.4 1.4 8.5 8.5 18 18 0.48 0.48 0.66 0.66 190 190 
3.7500* 1650.64 
 
0.047 1.5 1.5 8.0 8.0 17 17 0.48 0.48 0.69 0.69 210 210 
3.5000* 1649.89 
 
0.042 1.5 1.5 8.1 8.1 16 16 0.51 0.51 0.66 0.66 200 200 
3.2500* 1649.09 
 
0.050 1.6 1.6 7.5 7.5 15 15 0.51 0.50 0.72 0.73 240 230 
3 1648.34 1648.18 0.040 1.5 1.5 7.8 7.8 14 14 0.58 0.55 0.65 0.66 210 200 
2.7500* 1647.67  0.039 1.5 1.5 8.0 8.0 15 15 0.54 0.53 0.65 0.66 200 200 
2.5000* 1647.01 
 
0.039 1.5 1.5 8.2 8.2 16 16 0.52 0.51 0.65 0.65 190 190 
2.2500* 1646.35 
 
0.040 1.4 1.4 8.3 8.3 17 17 0.50 0.50 0.65 0.65 190 190 
2 1645.7 1645.81 0.038 1.4 1.4 8.7 8.7 18 18 0.49 0.49 0.63 0.63 180 180 
1.8571* 1645.29 
 
0.037 1.4 1.4 8.5 8.5 17 17 0.50 0.50 0.63 0.63 180 180 
1.7143* 1644.89  0.038 1.4 1.4 8.3 8.3 16 16 0.51 0.51 0.64 0.64 190 190 
1.5714* 1644.49 
 
0.036 1.5 1.5 8.3 8.3 15 15 0.54 0.54 0.63 0.63 180 180 
1.4286* 1644.07 
 
0.041 1.5 1.5 7.8 7.8 15 15 0.54 0.51 0.67 0.69 210 200 
1.2857* 1643.7 
 
0.032 1.4 1.3 8.0 9.0 14 21 0.58 0.43 0.60 0.68 180 130 
1.1429* 1643.12 
 
0.076 1.9 1.7 5.6 7.1 13 20 0.45 0.35 0.89 0.96 320 250 
1 1642.82 1642.94 0.021 1.1 1.0 6.7 12 12 25 0.55 0.47 0.48 0.48 110 93 
 
1Modeled/observed water surface 
elevation 
 
 
 
 
2Energy grade slope 
 
 
 
3Velocity channel/total 
 
 
 
4Froude number channel/total 
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Calculating Critical Stage 
 
 To determine when full bed mobility occurs, I calculated the critical stage at both the 
upstream and downstream pressure transducers using the method described earlier. To 
gain insight into the mobility of painted tracers, I calculated the critical stage for each size 
class. I used a simplified approach in which I assumed a critical Shields stress of 0.045, a 
reasonable approximation for bed load-dominated channels (Church, 2006). 
𝜏𝑟
∗ = 2.18𝑆 + 0.021 (Mueller et al., 2005) 
𝜏𝑟
∗: reference shear stress 
𝑆: channel slope 
𝜏𝑚
∗ = (5𝑆 + 0.06) (
𝐷84 
𝐷50
)4.4√𝑠−1.5 (Recking, 2013) 
𝜏𝑚
∗ : mobility shear stress 
𝐷84: particle diameter below which 84% of particles fall 
𝐷50: median particle diameter 
 
Downstream Pressure Transducer (XS1) 
𝑆 = 0.0205 (bed slope) 
𝐷50 = 0.105 𝑚 (XS2 pebble count) 
𝐷84 = 0.235 𝑚 (XS2 pebble count) 
𝜏𝑟
∗ = 2.18 ∗ 0.0205 + 0.021 = 0.0657  
𝑅𝑐 (𝑀𝑢𝑒𝑙𝑙𝑒𝑟) = 
0.0657(2650−1000)0.105
1000∗0.0205
 = 𝟎. 𝟓𝟓𝟖 𝒎 
𝜏𝑚
∗ = (5 ∗ 0.0205 + 0.06) (
0.235
0.105
)4.4√0.0205−1.5 = 𝟎. 𝟎𝟖𝟎𝟗 
𝑅𝑐 (𝑅𝑒𝑐𝑘𝑖𝑛𝑔) = 
0.0809(2650−1000)0.105
1000∗0.0205
 = 𝟎. 𝟔𝟖𝟕 𝒎 
𝑅𝑏𝑘𝑓 = 0.687 𝑚 (cross section survey) 
 
Upstream Pressure Transducer (~15 m Downstream of XS11) 
𝑆 = 0.0038 (bed slope) 
𝐷50 = 0.0511 𝑚 (XS10 pebble count) 
𝐷84 = 0.0897 𝑚 (XS10 pebble count) 
𝜏𝑟
∗ = 2.18 ∗ 0.0038 + 0.021 = 0.0293 
𝑅𝑐 (𝑀𝑢𝑒𝑙𝑙𝑒𝑟) = 
0.0293(2650−1000)0.0511
1000∗0.0038
 = 𝟎. 𝟔𝟒𝟗 𝒎 
𝜏𝑚
∗ = (5 ∗ 0.0038 + 0.06) (
0.0897
0.0511
)4.4√0.0038−1.5 = 𝟎. 𝟎𝟑𝟗𝟔 
𝑅𝑐 (𝑅𝑒𝑐𝑘𝑖𝑛𝑔) = 
0.0396(2650−1000)0.0511
1000∗0.0038
 = 𝟎. 𝟖𝟕𝟕 𝒎 
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𝑅𝑏𝑘𝑓 = 0.773 𝑚 (cross section survey) 
 
Because Lost Horse Creek is likely sediment supply-limited, the critical hydraulic 
radius should be greater than or equal to the bankfull hydraulic radius (Pfeiffer et al., 
2017). Thus, the mobility shear stress provides a more reasonable estimate of the critical 
stage. 
 
Painted Tracers (Seeded between XS4 and XS5) 
𝑆 = 0.0207 (bed slope) 
𝐷 = 0.0226 𝑚 (~𝐷16 XS4 pebble count) 
𝑅𝑐 = 
0.045(2650−1000)0.0226
1000∗0.027
 = 𝟎. 𝟎𝟖𝟏𝟏 𝒎 
𝐷 = 0.032 𝑚 (𝐷16 − 𝐷25) 
𝑅𝑐 = 
0.045(2650−1000)0.032
1000∗0.027
 = 𝟎. 𝟏𝟏𝟓 𝒎 
𝐷 = 0.045 𝑚 (𝐷25 − 𝐷50) 
𝑅𝑐 = 
0.045(2650−1000)0.045
1000∗0.027
 = 𝟎. 𝟏𝟔𝟏 𝒎 
𝐷 = 0.064 𝑚 (𝐷25 − 𝐷50) 
𝑅𝑐 = 
0.045(2650−1000)0.064
1000∗0.027
 = 𝟎. 𝟐𝟑𝟎 𝒎 
 
𝐷 = 0.090 𝑚 (𝐷50 − 𝐷65) 
𝑅𝑐 = 
0.045(2650−1000)0.090
1000∗0.027
 = 𝟎. 𝟑𝟐𝟑 𝒎 
𝐷 = 0.128 𝑚 (𝐷65 − 𝐷75) 
𝑅𝑐 = 
0.045(2650−1000)0.128
1000∗0.027
 = 𝟎. 𝟒𝟓𝟗 𝒎 
𝑅𝑏𝑎𝑠𝑒𝑓𝑙𝑜𝑤 = 0.193 𝑚 (cross section surveys) 
𝑅𝑏𝑘𝑓 = 0.692 𝑚 (cross section surveys) 
 
These calculations indicate that all painted tracers should be mobile below bankfull 
stage. 
 
Determining Flow Competence 
 
To estimate flow competence, I had to determine the stage at each pressure 
transducer that corresponded with the critical hydraulic radius. I calculated the difference 
between the stream stage and the radius at the time of each cross section survey (Equation 
D1), and added this value to the critical hydraulic radius to convert it to stream stage 
(Equation D2). This enabled me to query the stage record to determine the time above the 
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critical stage. I used the same approach to estimate the bankfull stage (Equation D3) and 
flood duration (time above bankfull). All stage calculations were converted into flood 
magnitudes using the applicable stage-discharge relation (Equations D4 and D5). 
 
∆𝑥 = ℎ − 𝑅 (Equation D1) 
∆𝑥: difference between stream stage and radius 
ℎ: stream stage 
𝑅: hydraulic radius 
 
ℎ𝑐 = 𝑅𝑐 −  ∆𝑥 (Equation D2) 
ℎ𝑐: critical stage 
𝑅𝑐: critical hydraulic radius  
 
ℎ𝑏𝑘𝑓 = 𝑅𝑏𝑘𝑓 − ∆𝑥 (Equation D3) 
ℎ𝑏𝑘𝑓: bankfull stage 
𝑅𝑏𝑘𝑓: bankfull hydraulic radius  
 
𝑄 = 54.503ℎ2.3092(Equation D4) 
𝑄 = 7.0649ℎ5.6532(Equation D5) 
𝑄: discharge 
ℎ: stage at downstream (Equation D4) and upstream (Equation D5) pressure transducer 
 
Downstream Pressure Transducer 
ℎ = 0.293 𝑚 
𝑅 = 0.386 𝑚 
𝑅𝑐 = 0.687 𝑚 
𝑅𝑏𝑘𝑓 = 0.687 𝑚 
∆𝑥 (2017)  =  0.293 𝑚 −  0.386 𝑚 =  −0.093 𝑚 
ℎ𝑐 =  0.687 𝑚 − 0.093 𝑚 = 0.594 𝑚 
ℎ𝑏𝑘𝑓 =  0.687 𝑚 − 0.093 𝑚 = 0.594 𝑚 
𝑄𝑐 = 54.503(0.594)
2.3092 = 𝟏𝟔. 𝟒 𝒎𝟑/𝒔  
𝑄𝑏𝑘𝑓 = 54.503(0.594)
2.3092 = 𝟏𝟔. 𝟒 𝒎𝟑/𝒔   
 
The pressure transducer was not submerged during the 2018 cross section survey, so I 
could not calculate ∆𝑥 in 2018. 
 
Upstream Pressure Transducer 
ℎ (2017) = 0.745 𝑚 
𝑅 (2017) = 0.578 𝑚 
ℎ (2018) = 0.760 𝑚 
𝑅 (2018) = 0.226 𝑚 
𝑅𝑐 = 0.877 𝑚 
𝑅𝑏𝑘𝑓(2017) = 0.772 𝑚 
∆𝑥 (2017) =  0.745 𝑚 −  0.578 𝑚 =  0.167 𝑚 
∆𝑥 (2018) =  0.760 𝑚 −  0.226 𝑚 =  0.534 𝑚 
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∆𝑥 (average) = (0.167 𝑚 + 0.534 𝑚)/2 =  0.351 𝑚 
ℎ𝑐 =  0.877 + 0.351 𝑚 = 1.23 𝑚 
ℎ𝑏𝑘𝑓 =  0.772 + 0.351 𝑚 = 1.12 𝑚 
𝑄𝑐 = 7.0649(1.23)
5.6532 = 𝟐𝟐. 𝟓 𝒎𝟑/𝒔  
𝑄𝑏𝑘𝑓 = 7.0649(1.12)
5.6532 = 𝟏𝟑. 𝟔 𝒎𝟑/𝒔  
 
The upstream ∆𝑥 differed significantly between years, so I calculated the duration of 
competent flows from the downstream 2018 stage record only (Figure 12). The resulting 
estimate is slightly larger than typical values for snowmelt-driven flow regimes (Poff and 
Ward, 1989), which might be expected for a water year with above average streamflow. 
 As mentioned earlier, HEC-RAS modeling suggests that both stage-discharge 
relations overestimate the bankfull discharge. The downstream stage-discharge relation 
predicts a much higher bankfull discharge compared to the upstream stage-discharge 
relation. This is consistent with the upstream stage-discharge relation producing lower 
discharge estimates in 2017 compared to the upstream pressure transducer, and is another 
indication that stage-discharge relations provide rough estimates of flood flow magnitudes.  
 
Painted Tracers (Seeded between XS4 and XS5) 
𝑅𝑐(𝐷 = 0.0226 𝑚) = 0.0811 𝑚 
𝑅𝑐(𝐷 = 0.032 𝑚) = 0.115 𝑚 
𝑅𝑐(𝐷 = 0.045 𝑚) = 0.161 𝑚 
𝑅𝑐(𝐷 = 0.064 𝑚) = 0.230 𝑚 
𝑅𝑐(𝐷 = 0.090 𝑚) = 0.323 𝑚 
𝑅𝑐(𝐷 = 0.128 𝑚) = 0.459 𝑚 
𝑅𝑏𝑘𝑓 = 0.692 m (cross section surveys) 
Assume downstream stage-discharge relation applies to subreach. 
ℎ𝑐(𝐷 = 0.0226 𝑚) =  0.0811 𝑚 − 0.093 𝑚 = −0.0119 𝑚 (cannot apply stage-discharge 
relation) 
ℎ𝑐(𝐷 = 0.032 𝑚) =  0.115 𝑚 − 0.093 𝑚 = 0.0218 𝑚 
ℎ𝑐(𝐷 = 0.045 𝑚) =  0.161 𝑚 − 0.093 𝑚 = 0.0684 𝑚 
ℎ𝑐(𝐷 = 0.064 𝑚) =  0.230 𝑚 − 0.093 𝑚 = 0.137 𝑚 
ℎ𝑐(𝐷 = 0.091 𝑚) =  0.323 𝑚 − 0.093 𝑚 = 0.230 𝑚 
ℎ𝑐(𝐷 = 0.128 𝑚) =  0.459 𝑚 − 0.093 𝑚 = 0.366 𝑚 
𝑄𝑐(𝐷 = 0.032 𝑚) = 54.503(0.0218)
2.3092 = 𝟎. 𝟎𝟎𝟕𝟗𝟐 𝒎𝟑/𝒔  
𝑄𝑐(𝐷 = 0.045 𝑚) = 54.503(0.0684)
2.3092 = 𝟎. 𝟏𝟏𝟏 𝒎𝟑/𝒔  
𝑄𝑐(𝐷 = 0.064 𝑚) = 54.503(0.137)
2.3092 = 𝟎. 𝟓𝟒𝟗 𝒎𝟑/𝒔  
𝑄𝑐(𝐷 = 0.090 𝑚) = 54.503(0.230)
2.3092 = 𝟏. 𝟖𝟑𝒎𝟑/𝒔  
𝑄𝑐(𝐷 = 0.128 𝑚) = 54.503(0.366)
2.3092 = 𝟓. 𝟑𝟔 𝒎𝟑/𝒔  
 
 Assuming size-selective transport and a critical Shields of 0.045, all painted tracers 
should be mobile at flows that are many times less than the bankfull discharge. Painted 
tracer recovery rates do indicate size-selective transport, but the observation that some 
particles in each size class did not move implies that I have underestimated the critical 
discharge for each. 
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Sediment Transport Modeling 
 
 
Attribute Description 
Channel 
Geometry 
 Reach-average channel width from cross section surveys (15.78 m) 
 Reach-average friction slope from HEC-RAS modeling of Qbkf (0.022) 
Grain Size  Bed-material size distribution from Wolman pebble counts of ~200 
particles at every other cross section (Table D9) 
Channel 
Roughness 
 Manning’s n of the main channel (“roughness correction”) from HEC-RAS 
modeling of Qbkf (0.085) 
Discharges  Flow duration curve for the 2018 water year (Figure D10) 
Transport 
Equation 
 Uncalibrated, surface-based equation of Parker (1990) 
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Figure D8: Stream stage at the upstream end of the reach during spring and early 
summer 2017 and 2018. Note that the pressure transducer was only installed during 
part of both runoff seasons.  
 
 
 
Table D8: Estimating annual sediment transport in BAGS. 
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Size Class (mm) Percent Finer 
2 7.65 
2.8 8.16 
4 9.16 
5.6 10.47 
8 13.39 
11 14.7 
16 18.43 
22.6 22.56 
32 28.9 
45 36.35 
64 49.75 
90 64.05 
128 77.84 
180 87.11 
256 91.14 
512 94.96 
1024 99.4 
2048 (bedrock) 100 
 
 I developed a flow duration curve for the 2018 water year using discharge estimates 
from the downstream stage-discharge relation (Figure D9). First, I calculated the mean 
daily discharge for the 2018 downstream stage record. The downstream pressure 
transducer was removed before Lost Horse Creek reached baseflow in August, so I used 
upstream stage records to interpolate the mean daily discharge during this period. I 
estimated the discharge during the remainder of the water year by assuming a constant 
discharge of 0.1 m3/s, the lowest measured discharge. Finally, I calculated the probability 
of exceedance for input to BAGS. 
Table D9: Reach-average particle size distribution. 
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 The Parker (1990) equation predicts significant bedload transport below the 
bankfull discharge (Figures D9 and D10). As such, it likely overestimates annual sediment 
export (Discussion). Nevertheless, the maximum bedload transport rate of ~0.1 kg/m/s is 
within the range of 0.017 to 0.115 measured in several gravel-bed streams in the western 
US of similar slope and/or discharge (Pitlick et al., 2009). 
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Figure D9: Flow duration curve for 2018 water year. 
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Annual bedload transport: 
𝑄𝑏 = (3.291 𝑘𝑔/𝑚𝑖𝑛)(𝑚
3/2650 𝑘𝑔)(60 𝑚𝑖𝑛/ℎ𝑟)(24 ℎ𝑟/𝑑𝑎𝑦)(365 𝑑𝑎𝑦𝑠/𝑦𝑟)  = 𝟔𝟓𝟎 𝒎𝟑  
 
Appendix E: Tracer Mobility and Fallout Radionuclide Analysis 
 
Painted Tracer Experiment 
 
Figure E1 depicts transect locations and Table E1 provides specific seeding and 
recovery information for each painted tracer. Table E2 summarizes painted tracer seeding 
and recovery by transect and size class. 
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Figure D10: Bedload transport rating curve from application of Parker (1990) equation 
in BAGS. The equation predicts a critical discharge of ~9.1 m3/s. 
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Transect 
Assigned 
Number1 
Distance 
from right 
bank (m) 
Size Class 
(mm) 
Within 
targeted 
Jam?2 
Other 
Large 
Wood?2 Recovered? Moved? 
1 57 0 45 - 64 yes no no yes 
1 43 5.5 32 - 45 yes no yes no 
1 24 6 22.6 - 32 yes no yes no 
1 13 6.5 16 - 22.6 yes no no yes 
1 16 7 16 - 22.6 yes no yes no 
1 30 8.1 22.6 - 32 yes no yes no 
1 4 8.7 16 - 22.6 yes no no yes 
1 62 9 45 - 64 yes no yes no 
1 15 9.4 16 - 22.6 yes no yes no 
1 56 10.3 45 - 64 yes no yes no 
1 unknown 10.8 32 - 45 yes no yes no 
1 86 11.2 90 - 128 yes no yes no 
1 73 11.8 45 - 64 yes no yes yes 
1 22 12.4 22.6 - 32 yes no no yes 
1 unknown 15.1 32 - 45 no no no yes 
1 85 15.6 90 - 128 no no no yes 
Figure E1: Location of small jam and transects along which painted tracers were placed. 
 
 
 
 
 
Table E1: Painted tracer attributes, seeding location, and recovery. 
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1 unknown 16 32 - 45 no no no yes 
1 5 16.5 16 - 22.6 no no no yes 
1 unknown 17 32 - 45 no no no yes 
1 90 17.5 90 - 128 no no no yes 
1 64 18.1 45 - 64 no no no yes 
1 21 19 22.6 - 32 no no no yes 
1 46 19.5 32 - 45 no no no yes 
1 26 22.7 22.6 - 32 no yes no yes 
1 23 23.5 22.6 - 32 no yes no yes 
1 11 24 16 - 22.6 no yes no yes 
2 unknown 0 32 - 45 yes no no yes 
2 31 4.5 22.6 - 32 yes no no yes 
2 18 4.6 16 - 22.6 yes no no yes 
2 12 5.3 16 - 22.6 yes no no yes 
2 28 5.5 22.6 - 32 yes no no yes 
2 34 6 22.6 - 32 yes no no yes 
2 63 6.5 45 - 64 yes no no yes 
2 55 7 32 - 45 yes no no yes 
2 78 7.5 64 - 90 yes no no yes 
2 87 8 90 - 128 yes no no yes 
2 76 8.5 64 - 90 yes no no yes 
2 60 9 45 - 64 yes no no yes 
2 29 9.5 22.6 - 32 yes no no yes 
2 66 10 45 - 64 yes no yes no 
2 unknown 10.5 32 - 45 yes no no yes 
2 unknown 11 22.6 - 32 yes no no yes 
2 91 11.5 90 - 128 yes no yes no 
2 69 12 45 - 64 yes no no yes 
2 unknown 12.5 22.6 - 32 yes no no yes 
2 unknown 13 32 - 45 yes no no yes 
2 unknown 13.5 32 - 45 yes no no yes 
2 2 14 16 - 22.6 yes no no yes 
2 8 14.5 16 - 22.6 yes no no yes 
2 72 16.3 45 - 64 no no no yes 
2 53 17 32 - 45 no no no yes 
2 7 17.5 16 - 22.6 no no no yes 
2 50 18 32 - 45 no no no yes 
2 70 18.5 45 - 64 no no yes no 
2 unknown 19.5 22.6 - 32 no no no yes 
2 80 21.1 64 - 90 no no yes no 
2 83 22.1 90 - 128 no no yes no 
3 17 0 16 - 22.6 no no no yes 
3 10 3.7 16 - 22.6 no no no yes 
3 58 4.1 45 - 64 no no no yes 
3 77 4.5 64 - 90 no no yes no 
3 19 5 22.6 - 32 no yes no yes 
3 61 5.5 45 - 64 no yes no yes 
3 89 6 90 - 128 no yes no yes 
3 79 6.4 64 - 90 no yes no yes 
3 65 6.8 45 - 64 no yes no yes 
3 44 7.2 32 - 45 no yes yes yes 
3 71 7.6 45 - 64 no no yes no 
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3 3 7.8 16 - 22.6 no no no yes 
3 49 8 32 - 45 no no yes yes 
3 unknown 8.2 22.6 - 32 no yes no yes 
3 74 8.6 64 - 90 no yes no yes 
3 84 9 90 - 128 no no yes no 
3 unknown 9.4 32 - 45 no no yes no 
3 67 10 45 - 64 no no yes no 
3 82 10.5 64 - 90 no no yes no 
3 88 10.9 90 - 128 no no yes no 
3 9 11.2 16 - 22.6 no no no yes 
3 unknown 11.4 22.6 - 32 no no no yes 
3 81 11.9 64 - 90 no no no yes 
3 68 12.3 45 - 64 no no yes no 
3 75 13.5 64 - 90 no no yes no 
3 59 13.9 45 - 64 no no yes yes 
3 47 14.8 32 - 45 no no no yes 
3 unknown 15.1 32 - 45 no no no yes 
3 unknown 15.5 22.6 - 32 no no no yes 
3 25 15.8 22.6 - 32 no no no yes 
3 14 16 16 - 22.6 no no no yes 
3 6 16 16 - 22.6 no no yes yes 
3 unknown 16 22.6 - 32 no no no yes 
3 1 16.5 16 - 22.6 no no yes no 
 
 
Size Class 
(mm) 
Transect 1 Transect 2 Transect 3 Total 
S1 R2 P3 S R P S R P S R P 
16 - 22.6 6 2 0.3 5 0 0 7 2 0.3 18 4 0.2 
22.6 - 32 6 2 0.3 7 0 0 6 0 0 19 2 0.1 
32 - 45 6 2 0.3 7 0 0 5 3 0.6 18 5 0.3 
45 - 64 5 3 0.6 6 2 0.3 7 4 0.6 18 9 0.5 
64 - 90 0 0 NA 3 1 0.3 6 3 0.5 9 4 0.4 
90 - 128 3 1 0.3 3 2 0.7 3 2 0.7 9 5 0.6 
Total 26 10 0.38 31 5 0.2 34 14 0.41 91 29 0.32 
 
To determine how the jam influences sediment mobilization and transport, I related 
particle recovery rate and travel distance to initial position with respect to the jam. As an 
assessment of overall particle mobility, I used generalized linear regression to describe 
recovery rate as function of position (transect, position on transect, and whether or not it 
was within the sediment deposit of the targeted jam or any other wood-forced deposit) and 
particle size. Then, I controlled for particle size by calculating the normalized transport 
distance for all recovered tracers (Imhoff and Wilcox, 2016; Table E3):  
1Some of the numbers could not be read due to spray paint flaking. Relied on pictures, color, and 
starting position to distinguish among these tracers. 
2Determined from surveys of wood-forced sediment stores. 
 
 
 
Table E2: Painted tracer recovery by transect. 
 
 
 
 
 
 
1Seeded  
 
 
 
 
 
 
2Recovered 
 
 
 
 
 
 
3Proportion recovered 
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𝑋𝑛 = 
𝑋𝑖
𝐷𝑖
<
𝑋
𝐷
>
 (Equation E1), 
where 𝑋𝑛 is normalized transport distance, 𝑋𝑖 is transport distance, 𝐷𝑖 is median particle 
diameter, and <
𝑋
𝐷
> is mean distance traveled for all recovered tracers. 
 
 
Transect Number Size (m) Transport 
Distance (m) 
𝑋𝑖
𝐷𝑖
 
𝑋𝑛 
1 73 0.064 2.7 42 42 
3 44 0.045 2.2 49 49 
3 49 0.045 1.5 33 33 
3 59 0.064 3.4 53 53 
3 6 0.0226 2.4 110 106 
Average   2.4 57 57 
 
Generalized linear modeling indicates that particle size and transect are the only 
significant predictors of recovery rate (Table E4). The final model is written in two forms. 
Equation E2 uses the logit link to describe the recovery rate as a linear combination of 
predictors. Equation E3 describes recovery rate as a function of the same predictors on the 
original scale. Parameter estimates suggest that the odds of particle recovery increase by 
2.4% for every 1 mm increase in median particle diameter and that the odds of recovery 
decrease by 75% for Transect 2 compared with the other two transects. The area under the 
Receiver Operating Characteristic Curve suggests that the model has modest predictive 
power for the given dataset (Figure E2). I did not recover a sufficient number of mobile 
tracers to analyze tracer transport distances. 
 
Intercept/Covariate Symbol Estimate Standard Error z Value Pr (>|z|) 
Intercept  NA -1.506041 0.571923 -2.633 0.00846 
Size Class (mm) D 0.023918 0.009028 2.649 0.00807 
Transect 2 T2 -1.390384 0.674269 -2.062 0.03920 
Transect 31 NA -0.040150 0.563289 -0.071 0.94318 
 
ln (
𝜋
1−𝜋
)  = −1.506041 +  0.023918𝐷 + −1.390384𝑇2 (Equation E2) 
𝜋 = 
𝑒−1.506041+0.023918𝐷−1.390384𝑇2
1+𝑒−1.506041+0.023918𝐷−1.390384𝑇2
 (Equation E3) 
Table E3: Transport distances of recovered tracers that moved. 
 
 
 
 
 
 
Table E4: Estimates and statistical significance of partial regression coefficients in 
generalized linear model assuming a gamma distribution and using a logit link. 
 
 
 
 
 
1Recovery rates for Transect 3 are not significantly different from Transect 1, so final model only includes 
Transect 2 coefficient. 
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The painted tracer experiment does not provide any evidence that large wood alters 
the retention of coarse bed material. Large wood influence did not correlate with particle 
recovery rate, which I assume is inversely proportional to the mobilization rate. Instead, 
particle size and transect, which reflects local transport dynamics, account for differences 
in particle recovery (Table E4). Some tracers may have been buried rather than mobilized, 
leading to the overestimation of particle mobility. This is particularly concerning given that 
the recovery rate is lowest at XS2, which crosses the targeted sediment deposit associated 
with a large jam. The deployment of rocks embedded with radio-frequency identification 
(RFID) tags in future particle mobility and transport experiments might lead to a higher 
recovery rate and more conclusive results (e.g. Olinde and Johnson, 2015). I constructed 
passive integrated transponder (PIT)-tagged rocks, to be seeded alongside painted tracers, 
but poor site access and high flows prevented their successful deployment. 
My results are consistent with similar tracer experiments (Haschenburger and Rice, 
2004; Cadol and Wohl, 2011), which indicate little to no correlation between transport of 
individual clasts and large wood influence. Nevertheless, the large peak flow in 2018 
precluded observation of any differences in particle mobility at competent flows of smaller 
magnitude. Faustini and Jones (2003) observe that a boulder-bed reach without wood on 
Mack Creek experienced significant channel change in response to flows with a recurrence 
interval of ≤ 5 years compared to the wood-poor reach just downstream, but both reaches 
responded similarly to less frequent flood events (recurrence interval 10 - 25 years). Thus, 
the effect of wood on sediment storage may be more significant over short time scales.   
 
  
Figure E2: Receiver Operating Characteristic Curve illustrating final model performance 
across the range of classification thresholds. The area under the curve (AUC) is also 
indicated. 
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Fallout Radionuclide Analysis 
 
Fallout radionuclide analysis can be used to estimate fine (<2 mm) sediment 
residence time (Taylor et al., 2013). Because they bind strongly to soil particles, water in 
streams and lakes are assumed to have negligible radionuclide concentrations (Bonniwell 
et al., 1999; Fisher et al., 2010). Thus, when a soil particle becomes submerged, its activity 
level, which correlates with radionuclide abundance, declines exponentially (Fisher et al., 
2010). When its initial activity level is well constrained, the age of fine sediment in streams 
can be estimated from its current activity level (Fisher et al., 2010). While fallout 
radionuclide analysis has mainly been applied to suspended sediment (Bonniwell et al., 
1999), several studies have used it to evaluate transitional bedload transport (Blake et al., 
2002; Salant et al., 2007; Fisher et al., 2010).  
Figure E3 depicts fine sediment sampling sites for fallout radionuclide analysis, and 
Figure E4 indicates stream stage on sample collection dates. Because fallout radionuclide 
activity declines sharply with sediment size, samples were sieved to isolate the 63 – 125 
μm size fraction for analysis. Sample activities corrected for decay between time of 
collection and subsequent analysis scaled with the observed activities indicating that 
samples were processed rapidly enough to avoid biasing the results. 
 
 
 
 
Figure E3: Fine sediment sampling sites for fallout radionuclide analysis. With the 
exception of two emergent bars upstream of the channel-spanning jams, all sites are 
submerged at baseflow. 
 
 
 
 
 
93 
 
 
 
 
The spatial pattern in 7Be activity on 21 August 2018 (Figure 16) is similar to test 
samples collected in 2017 three days after the first significant rainfall in almost three 
months (Figure E5). Submerged sites had the lowest activities, an emergent bar had an 
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Figure E4: Dates of fine sediment collection for fallout radionuclide analysis in reference 
to stage at upstream pressure transducer in (a) 2017 and (b) 2018. 
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intermediate level of activity, and two sites within the channel-spanning jams had the 
highest activities. 
 
 
 Although temporal and spatial patterns in 7Be activity are generally consistent with 
other snowmelt-driven flow regimes, they are much more variable. Fallout activity of 
emergent bars increased following a rainstorm, and either did not change or increased by 
as much as 87% among submerged samples (Table E5). In contrast, Kaste et al. (2014) 
observe a strong correlation between rainfall and fallout activity of both exposed and 
submerged fine sediment in a New Hampshire stream. Fallout activities varied among 
similar sample locations in Lost Horse Creek, and diverged most within the channel-
spanning jams despite the close proximity of these sites (Table E6). Salant et al. (2007) 
collected samples at a similar spacing in several reaches of a mixed sand-gravel river in 
Vermont and noted that replicates had similar fallout activity. 
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Figure E5: 7Be activity of the 63 – 125 μm size fraction within each fine sediment 
sample. Green markers denote emergent bars and orange markers correspond to sites 
within one of the channel-spanning jams. All other sampling sites are submerged bars. 
 
 
 
95 
 
 
 13 July 2018 10 August 2018 21 August 2018 
Observed Observed Expected1 Percent 
Difference2 
Observed Expected1 Percent 
Difference2 
Site A 0 ? 0 ? 0.12 ? ? 
Site B NA ? NA NA 0 ? ? 
Site C 0 ? 0 ? 0.071 ? ? 
Site D NA 0 NA NA 0 0 NA 
Site E 0.12 0 0.084 -100 0 0 NA 
Site F 0.054 0 0.037 -100 0 0 NA 
Site G 0.11 0 0.074 -100 0 0 NA 
Site H 0.024 0 0.017 -100 0 0 NA 
Site I 0.19 0.12 0.13 -3.8 0.16 0.087 87 
Site J 0.076 0 0.053 -100 0.068 0.00 NA 
Site K 0 ? 0 ? 0 ? ? 
 
 
Date Location Samples Average 7Be Activity 
(counts/sec/kg) 
Standard 
Deviation 7Be 
Activity (%) 
13 July 
2018 
Emergent bar 2 0 NA 
Submerged bar 4 0.070 ± 0.055 78 
Channel-spanning 
jam 
3 0.095 ± 0.083 87 
10 August 
2018 
Submerged bar 4 0 NA 
Channel-spanning 
jam 
3 0.042 ± 0.072 170 
21 August 
2018 
Emergent bar 2 0.096 ± 0.036 37 
Submerged bar 6 0 NA 
Channel- 
spanning jam 
3 0.077 ± 0.081 110 
 
Appendix F: RSCS Modeling 
 
I made a few slight changes to the way in which the RSCS models wood and 
sediment dynamics (Table F1) and how it calculates jam metrics at the end of each year in 
each model run. I set the minimum piece length to 1 m to coincide with my field survey of 
individual large wood pieces. To facilitate field and model comparison of sediment storage 
in relation to large wood distribution, I reduced the coefficient in the equation for the 
trapping efficiency of the reach such that the predicted long-term sediment storage is 
similar to the measured volume (Table 7). I also modified the script to distinguish between 
key pieces and jams (two or more pieces in contact with a key piece) in calculating the 
number of jams and volumes of associated wood and sediment. At the end of each model 
run, detailed information for each piece of wood can be obtained including its dimensions, 
orientation, functional class (channel-spanning, hanging, and in-channel), time since it last 
Table E5: Observed and expected 7Be activity (counts/sec/kg) of the 63 – 125 μm size 
fraction within each fine sediment sample. 
 
 
 
 
 
1Expected activity assumes activity level reflects decay from previous sampling date. 
2(Observed – Expected)/Expected*100 
 
 
 
 
 
 
Table E6: Spatial variability in 7Be activity. 
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moved, associated jam number (if applicable), volume of sediment stored, and total volume 
of sediment that it could potentially store (Eaton and Hassan, 2013). I did not analyze wood 
and sediment dynamics at the scale of an individual large wood piece. 
 
 
 Symbol Default Lost Horse Notes 
Stream Channel1 
Slope S NA 0.0219 HEC-RAS 
Channel Width (m) W_ch UBCRMH 15.78 field survey 
Channel Depth (m) d_reg UBCRMH 0.62 field survey 
Sediment Transport Rate 
(m3/s) 
Q_sed UBCRMH 0.00718 BAGS 
Flood Duration (s) Dur_flood 24 x 60 x 60 default  
Reach Length (m) L_ch 15 x W_ch default  
Riparian Forest  
Riparian Tree Density 
(stems/ha) 
SPH 500 default  
Average Tree Height (m) H_tr 30 default  
Average Tree Diameter (m) D_tr 0.4 default  
Instream Wood  
Minimum Piece Length (m) H_crit W_ch/5 1 field survey 
Channel Blockage Ratio for Key 
Piece Designation (%) 
HL_crit 80 default  
Annual Decay Rate K_decay 0.01 default  
Annual Breakage Rate When 
Piece Height/Diameter = 100 
K_break 0.1 default  
Sediment Trapping  
Coefficient in Error Function 
Describing Reach-Average 
Trapping Efficiency 
NA 18 0.5  
Rate Constant in Equation for 
Change in Sediment Stored by 
Each Piece 
Rate_Const -25 -25  
 
 
The apparent bedload trapping efficiency of wood in the study reach is low relative 
to that predicted by the model. The default parameters describing the effect of individual 
pieces and total wood volume on bedload transport overestimate the observed sediment 
storage by an order of magnitude. Even after modifying the reach-scale sediment trapping 
efficiency of wood to better describe wood and sediment dynamics in Lost Horse Creek, the 
Table F1: RSCS model calibration for Lost Horse Creek study reach. 
 
 
 
 
 
1Before modeling begins, the RSCS runs the regime model (UBCRMH), a script which uses the 
formative discharge (e.g. bankfull), slope, D50, D84, and effective rooting depth of the riparian 
forest to estimate the channel dimensions, velocity, and bed-material transport rate assuming 
the channel experiences a formative discharge for one day each year. I’ve bypassed this step in 
applying the model to Lost Horse Creek. 
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modeled rate at which pieces and jams store sediment is much higher than I observed 
(Table 7). It may be that the RSCS overestimates the trapping efficiency of wood, as might 
be expected for pieces suspended on boulders or bedrock, or that I have overestimated the 
annual bedload transport. 
 
 
 
Figure F1: Panel a shows the total volume of wood (dark grey) and jams (light gray) for 
all 200 model runs in the extended simulation. Panel b displays corresponding 
information for sediment stored by wood. The first three model runs are highlighted 
with solid lines indicating total wood (a) or sediment (b) volume, and dashed lines 
indicating wood (a) and sediment (b) volume associated with jams. 
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